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ABSTRACT 


Predatory rainbow trout, while not confined to any part of the lake, appear to move into 
areas of greatest shoal development at a time when their prey, redside shiners, are most 
heavily concentrated there. A complex movement pattern apparently governed by shoal water 
temperature leads to a seasonal distribution of shiners which brings the prey into contact with 
the predator in midsummer. 

Distribution of the prey on the shoals around the lake shows prey to be most heavily 
concentrated over areas of extensive shoal and only small numbers present along steep shore 
areas. In areas of heavy concentration shiners show a definite vertical and horizontal distri- 
bution of sizes; the larger prey always found farther from shore or deeper than smaller shiners. 
In addition, there are vertical seasonal movements of shiners at shoal edge and a diurnal 
pattern of movement from shoal to deep water after dark. 

The effect of the movement patterns of predator and prey are manifested in the diet of 
the trout. In August, shiners constitute over 90% of the diet of predatory trout (those over 
10 inches in length), but shiners are a negligible item in the winter diet. 
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INTRODUCTION 


UNTIL APPROXIMATELY 1945, Paul Lake, near Kamloops, British Columbia con- 
tained no fish other than rainbow trout. About that time the redside shiner made 
its way into Paul Lake from lakes above it in the chain where it had earlier become 
established following an accidental introduction. 

This influx of a competing species has had several effects on the trout popula- 
tion of Paul Lake. After an explosive increase in the number of shiners in Paul 
Lake there was a reduction in the growth rate of trout and a decrease in the catch 
per unit effort, apparently due to severe competition for food and space. By about 
1950, there was a noticeable change in the diet of trout over 10 inches in length; 
plankton was being replaced by fish. Since that time predation of trout on shiners 
has increased so that in 1956 shiners constituted over 90% of the summer diet 
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of trout over 14 inches in length. Larkin et al. (1950) describe conditions in the 
lake and the trout fishery prior to the introduction of shiners. The effects on trout 
of the introduction and indications of the change in diet are given by Larkin and 
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Fic. 1. Paul Lake, showing sections used in study of trout distribution. 
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Smith (1954). The change in the diet, from 1946 to 1956, and the effects on 
rainbow trout are dealt with by Crossman and Larkin (in press). 

The increase in importance, in Paul Lake, of redside shiners as food for trout 
led to a study of the predator-prey interaction of these two fish. This paper deals 
with factors involved in the time and place of predation or the distribution and 
movements of the predator and prey. Primary in any consideration of the inter- 
action of predator and prey are those factors which bring the two together or 
isolate them. The distribution and movements of the two species during the season 
greatly influence the degree of predation. 


DISTRIBUTION AND MOVEMENTS OF RAINBOW TROUT 


DISTRIBUTION OF RAINBOW TROUT IN PAUL LAKE 


From May to October, 1952, outbound anglers were given a map of Paul 
Lake and ten numbered tags. The map was divided into sections corresponding 
to areas designated on the lake by means of large numbered signs and an imaginary 
line at lake-centre. Tags were placed on each trout as it was caught and the tag 
number marked in the approximate position of capture on the map. Examination 
of catches upon the anglers’ return enabled tabulation of number of trout, vital 
statistics, and stomach contents of trout, with reference to location. 

Fig. 1 shows the areas into which the lake was divided for the purpose of 
plotting the distribution of the sample of the anglers’ catch in May to September, 
1952 (641 trout). From this plotted anglers’ catch it is possible to create a partial 
picture of the distribution of rainbow trout in Paul Lake over the summer. Fig. 2 
(left) indicates the catch in each month as percentage monthly total in each section. 
Sections DE and FG dominate .the catches in the months of May, June, August 
and September. In July more trout were caught in section BC. This figure reflects, 
to a certain extent, the tendency of anglers to fish in that area which is the shortest 
distance from the cottages. Summer cottages are concentrated on the south shore 
of section FG. 

When the data in the left panel of Fig. 2 are combined into two seasonal 
periods, May—June and July-September, the net gain or loss in numbers of trout 
in each section over the summer is evident. Section A drops from 11% in May— 
June to 8% in July-September. Sections FG and H show similar net losses when 
combined in this fashion, though the loss in H was only about 1%. The areas 
which show a net gain are BC (up from 14% to 22%), and DE (from 28% to 
37% ). Evidently trout moved out of areas A, FG, and H and into areas BC and 
DE in the period from July to September. 

The right-hand panel of Fig. 2 presents the catch in each section. When 
catches are down in other areas in July, they go up in BC and DE, which also 
suggests movement into these areas. 

The middle panel of Fig. 2 represents the catch of two size ranges of trout in 
the sections of the lake for the same two time periods discussed above. In section 
A there was a decrease in large trout over the season, so that the net loss expressed 
above must have been large fish (13-18 inches) moving out. This is also the 
situation in section FG, out of which both small (8-12 inches) and large trout, 
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seem to have been moving. While there was a very small net loss in H, the size 
change is such that any loss was probably of large trout. Some small trout may 
have moved in. Sections BC and DE showed net gains. Possibly both large and 
small trout moved in. 


PERCENT TOTAL CATCH 
















A BC DE FG H 8-12 13-18 MJJAS 
LAKE SECTIONS F.L.(INCHES) MONTHS 1952 


Fic. 2. Left: Anglers’ catch of trout by sections as percentage of total monthly catch. 
Middle: Catch of two size ranges of trout in two time periods as percentage of the season 
total. Right: Percentage total monthly catch of trout by sections. 

Closed circles: May and June; open circles: July, August and September. 


The gradual change, from section A to section H, in slope of the size lines, 
indicates that the west end of the lake contained more large fish than the east end. 
Movement of large trout into sections BC and DE might easily have been from 
the western sections of the lake. 


MOVEMENTS AS INDICATED BY RECAPTURES OF MARKED TROUT 


In 1952, 1155 trout caught by trap nets, gill nets, and stream weir, between 
May 16 and September 23, were marked with numbered aluminum maxillary tags 
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and released (Fig. 3). Trout migrating upstream in Upper Paul Creek were tagged 


at the egg collecting station (Site 1). Tagging Site 2 consisted of a trap net, fishing 
between May 16 and September 19. Site 3 consisted of a trap net set from June 
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Fic. 3. Tagging sites, and recaptures of tagged trout according to tagging site. Numerals in 
the lake enclosed by circles indicate recaptures in gill nets; others were recaptured by anglers. 
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5 to September 24. Site 4 was a trap net operated from June 20 until September 
25. Site 5, a “Wolf” trap on Upper Paul Creek, was operated between August 18 
and September 23. 

Recaptures of marked fish were made at these same sites, as well as in various 
gill net catches and in anglers’ catches. Recaptures were recorded in 1953 and 


TABLE I. Number of trout tagged and recaptured. 


Tagged Recaptured 


Number of trout tagged, 1952 1155 


Number of trout recaptured, 1952 
Number of trout recaptured, 1953 
Number of trout recaptured, 1954 


Totals 


132 (all sources) 
57 (Paul Creek trap) 
12 (Paul Creek trap) 


201 


1954 at the egg collecting station (Site 1). Table | gives a summary of trout tagged 
and recaptured. Table II shows the number of trout tagged and recaptured at 
various sites and by other means. The totals in Table II do not agree with the total 
given in Table I as some of the recapture records have no exact position data. 
Others that were marked at Upper Paul Creek egg collecting station during up- 
stream migration, were recaptured at this point during the downstream migration 


TasBce Il. Number of trout tagged and recaptured by various means in 1952-1954. 


s , Site of recapture 
Tagging Number a 


site tagged 5 Gill nets Anglers e Total 


448 il 61 

69 7 12 

476 41 2 28 81 

161 15 28 

Gill net 1 0 0 0 


182 


Totals | 1155 107 


*Recaptures at Site 1 (except those from tagging Site 2) were in the 1953 and 1954 
spawning runs, since most fish were marked after the 1952 run was over. 


and recaptured later elsewhere. These are recorded as recaptures at the final posi- 
tion. Those recorded as having been tagged at Site 1 and recaptured at this site are 
those which were recaptured there and never seen again. Table III shows the 
number of trout from each tagging site recaptured by anglers in various areas of 
the lake. Fig. 3 shows the approximate position of these recaptures in the sections. 

The small number of tags of Site 1 origin recaptured later in the lake is 
perhaps the combined effect of tagging and spawning mortality. In 1952, 448 
trout were tagged during upstream migration, 49 of these were recaptured during 
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downstream migration and only 12 of them recaptured by other means in the 
remainder of 1952. There were no tags of Site 1 origin in the spawning migrations 
of 1953 and 1954. As opposed to this, of 476 trout tagged as “clean” fish at Site 
3, 27 were taken by anglers in 1952 and a total of 41 was taken in the spawning 
runs of 1953 and 1954. Three of these trout were captured in both the 1953 and 
1954 migrations. Of 161 trout tagged at Site 4, 13 were recaptured in 1952 and 
15 were taken in the spawning migrations of 1953 and 1954. 

Fish marked while weak from migration no doubt suffered higher mortality 
than fish in good condition marked at the other sites. 


TABLE III. Recaptures, by anglers, of tagged trout in each area of the lake. 






Tag origin 
Area of capture sas Totals 
Site | Site 2 Site 3 Site 4 


At Sites 3 and 4, trout too small to be tagged were marked by clipping the 
adipose fin. There were no reports of the capture of clipped fish in 1952 or 1953. 

The recaptures of tagged trout in Paul Lake were widely distributed. Of those 
fish marked at the east end of the lake as many were recaptured in the west end as 
in the east end. While more tags of central origin were caught close to the tagging 
site than elsewhere, this may only reflect the high angling intensity here as well as 
a greater number of these tags in the lake. Of the 1155 trout tagged, 41% were 
tagged at Site 3. Trout tagged in the central position of the lake moved in both 
directions from this location. At least some trout from the west end of the lake 
moved the entire length of the lake and spawned in the inlet stream. Access to the 
outlet stream is blocked by a dam. Of those trout tagged migrating upstream that 
survived to re-enter the lake, 12 were caught. Five of these were taken in the west 
half of the lake. 

One can infer that, at least in 1952, there were no discrete populations of trout 
at any one place, at any one time. The trout seemed to move about freely from 
place to place over the length of the lake, at times moving from one end of the 
lake to the other. This scattered nature of recaptures and the idea that there are 
no discrete groups in any particular location lend strength to the possibility of a 
change in distribution pattern by sections, in the two time periods, as described 
above. Since there is free movement of tagged trout, there is a greater possibility 
that large trout move into sections BC and DE in the period July to September. 
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DISTRIBUTION AND MOVEMENTS OF REDSIDE SHINERS 
DISTRIBUTION AROUND PERIMETER OF LAKE 


Data on the distribution of shiners in the summer months is derived from three 
sources: size, number, and spatial distribution are indicated by the daily catches 
of 7 conical wire minnow-traps. These were placed around the shoreline of the 
lake in all types of shore including shoals, shale slopes, and sandy beaches, at a time 
when shiners had not, as yet, appeared. Crude estimates of distribution were gained 
from day to day observations of the shiners. Crude quantitative estimates were 
made on the basis of weekly strip counts. These consisted of rowing from shore to 
shore between each of the sets of numbered markers on the lake and noting the 
number and approximate size of shiners at various distances from each shore. This 
method proved a valid means of direct observation since visibility exceeded the day- 
time depth distribution of shiners, as will be shown below. Further information on 
the spatial distribution of shiners was gained from the catches of small mesh gill 
nets. 

On May 6, 1955, an exploratory examination of the lake showed that shiners 
were in evidence only in the outlet bay at the west end of the lake. There were 
approximately 30 to 50 shiners, 2—4 inches in length, around and in the screened 
irrigation outlet. 

Shiners were first seen in the lake proper on May 28 when about 20 were 
observed under a boat dock on the south shore. There were no shiners visible 
elsewhere around the shore when the shiner traps were set out on May 28; nor 
were there any visible when a gill net was set near the east end of the lake on that 
day. However, when the gill net was lifted on May 30 it had caught 500 to 600 
shiners in the two days it had been set. The size distribution of a sample of 200 
was as follows: 

3-3.5 inches 9.5% 
3.5—4 inches 71.5% 
4—4.5 inches 20.0% 


This same day one shiner was seen near a shiner trap (south shore, east of marker 
No. 2 north, Fig. 1), and shiners first appeared in the shiner traps. 

In the first week of June a school of over 100 shiners of all sizes was seen at 
marker No. 4 north. These shiners were in amongst the floating sticks and brush 
along the shoreline. The shiners exhibited a vertical stratification of sizes with the 
smallest close to the surface and the largest (4-5 inches) closest to the bottom. 
This group was swimming in the top | or 2 feet of water in a total depth of 4 to 
5 feet. The surface temperature at this time was 56°F. 

By the middle of June, large schools consisting of shiners of all sizes, showing 
vertical size stratification, developed at many points along the north shore. They 
had started to move out from the shore to the full extent of the shoal (shoal ends 
a maximum of 150 feet from shore) remaining in the top 1 to 3 feet of the total 
depth of 12—15 feet of water. 

While daytime observations indicated a greater abundance along the north 
shore as compared with the south shore, the catches at this time were greater in the 
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south shore traps (Fig. 4—top right). However, in July, August and September 
catches on the north shore exceeded those of the south shore. 

In the last week of June the larger shiners were predominantly 25—SO feet 
offshore. Only the smaller sizes remained close to shore. Wherever possible, the 
shiners were oriented around fallen trees or shrubs, floating or submerged in the 
water. When undisturbed the shiners would remain still with their heads toward 
the branches of the tree or shrub. The school, arranged in this way, would com- 
pletely surround the brush. Shiners were apparent in an almost unbroken line 
along the north shore from marker No. 1 to marker No. 4. Daytime observations 
placed the number along the north shore at twice that along the south shore. 

In the first week of July (July 4, 1955) newly hatched shiner fry began to 
appear and within a week large numbers were to be seen close to shore all around 
the lake. At this time there appeared to be horizontal as well as a vertical size 
stratification (similar to that described by Lindsey (1950) in Rosebud Lake, B.C.). 

In mid-July the shiner fry also began to move offshore, so that the number 
of shiners close to shore was greatly reduced. By mid-July, on the shoal at No. 3 
marker north (100 to 200 feet offshore) an aggregate of thousands of shiners had 
appeared. There was no other large group between this point and No. 4 marker 
north. Toward the end of July the shiner fry seemed to be joining the bigger fish 
offshore. For a period of about 14 weeks at this time the shiners appeared to be 
swimming closer to the bottom than previously, so that they were not as apparent 
around the shores as they had been. 

By the end of the first week of August the shiner fry had grown to ? inch in 
length and could be seen in discrete groups of 300 or so at intervals all around the 
lake. They occurred in isolated schools at intervals of 50 to 100 yards. In contrast 
to the larger shiners, their numbers seemed to be greater on the south shore than on 
the north. 

In late August the aggregates of large shiners were still present at various 
places along both shores. More large shiners were observed closer to shore at this 
time than they had been previously. This was reflected in the trap catches. Also 
the fry had reached a size such that they were taken in the shiner traps, and they 
predominated in the catch from this time onward. Toward the end of August the 
shiners were more evenly distributed over the shoal area from the shore to the 
drop-off. However, the larger shiners seemed isolated in large groups offshore, so 
that these fish were a small proportion of the trap catch—in contrast to the spring 
when 3- to 4-inch shiners made up the largest part of the trap and net catches. 

In early September more even distribution prevailed so that the shorelines were 
not so devoid of shiners. Schools of large shiners were still in evidence on Septem- 
ber 17, but the numbers in the schools were decreasing, and the larger fish were 
disappearing from the shores. Reports from the lodge operator, subsequent to the 
termination of field studies, indicated that the larger shiners were the first to 
disappear completely, and that very few shiners were to be seen in late October. 
Those few seen around the shore were of the smaller sizes. By freeze-up in late 
November, the lodge operator reported that there were no shiners seen anywhere 
around the lake, at least near shore. 
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Catches in the 7 lake-perimeter minnow traps indicate peaks in the number 
of shiners caught in June and September, with fewer in July and August (for details 
see Crossman, MS 1958). In June and July the greater numbers of shiners were 
taken in sections A and FG (Fig. 4, left panel). In August, however, catches in 
section BC rose to nearly equal those in FG. In September, the catch in section 
BC was over 50% of the total and far exceeded any other section. 
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Fic. 4. Left: Percentage of monthly catch of shiners taken in each 

section. Top right: Percentage of monthly catch of shiners taken on 

the north and south shores. Bottom right: Catch of two size groups of 
shiners as percentage of total monthly catches. 
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Shiners in the three smallest size groups (1—24 inches) seemed to remain 
together and at times were isolated from those of greater size (24-5 inches) as 
described above. Shiners in the larger group were those utilized by trout to the 
greatest extent, the smaller shiners far less. The catches of smaller shiners in- 
creased through the summer and the catches of large shiners decreased (Fig. 4— 
bottom right). 


VERTICAL DISTRIBUTION 



































Gill nets of 4-inch, ?-inch, and 1-inch mesh were set at various depths to 
discover the vertical distribution of shiners in Paul Lake. As early as May 28, 
when no shiners were visible about the shore, a gill net set perpendicular to shore 
caught 500 to 600 shiners in a two-night set. The net was set from shore to 50 
yards offshore and was fishing from 1 to 30 feet of water. The shiners taken were 
all in the 3-inch to 4-inch size range and were all in the section of net fishing from 
20 to 30 feet of water. Shiners were caught in the full depth of the net in this 
section. 

Nets set perpendicular to the shore in June and July showed considerably 
fewer large shiners in the 30- to 35-foot zone (catches of 50 to 75 in a one-night 
set of l-inch mesh net). In August and September, when few large shiners were 
to be seen on the shoals, similar gill net sets again took large numbers of shiners. 
These catches correspond to the period of decreasing perimeter catches of shiners 
of this size (Fig. 4, right panel). 

During the summer, whenever shiners were present on the shoal, there existed 
a definite vertical stratification of sizes. The size increased with depth, smaller 
shiners were found closer to the surface. 

In 1952 vertical series of minnow traps set at intervals of 5 meters from 
surface to bottom caught no shiners. However, in 1955 shiners were caught in 
overnight gill net sets in areas of deep water. Also gill nets buoyed to catch fish at 
various depths were set at lake centre and catches at various depths recorded. Over 
the whole summer period average nightly catches in overnight sets were as follows: 


Surface to 8 feet 100—1000 
8 to 16 feet 100-300 
17 to 24 feet 10-20 

25 to 150 feet 0 











Similar nets set during daylight took no shiners and careful observation at two 
hour intervals revealed no shiners present during the day at lake-centre netting 
sites over the entire length of the lake. The night catches contained shiners of all 
sizes. Vertical gradation in size was maintained at these locations also. 


HORIZONTAL MOVEMENTS AROUND PERIMETER OF LAKE 





In 1952 shiners were captured in 9 minnow traps, and in 3 trap nets set for 
trout marking and recovery work (Fig. 5). The total catch of shiners, including 
those dead when the traps were emptied, was 9,168. Of these, 5,343 were marked 
with various fin-clip combinations to designate area of capture. Of the 5,343 
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Fic. 5. Paul Lake showing sites of shiner marking and recovery. Symbols with numbers are 
sites. Broken lines separate areas within which catches were marked with the same fin clip. 
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marked, 203 were subsequently recaptured in various areas during the summer 
(Table IV). 

The greatest number of recaptures in any area were of the mark put on in 
that area. The three sites at the east end of the lake caught only shiners marked 


TaBLeE IV. Number of shiners caught, marked, and recaptured at each site 1952. For mark- 
ing zones and site locations, see Fig. 5. 


Number of recaptures from each 


: marking zone 
Marking Mark Total Number en ae 

site catch marked LV RV D BV D&LV 
1 Left ventral 467 244 3 0 0 0 0 
z 279 226 2 0 0 0 0 
3 = 1135 352 l 0 0 0 
4 Right ventral 230 195 0 0 0 0 
5 re 3030 1563 3 18 4 0 0 
6 " 327 248 0 2 2 0 0 
7 Dorsal 470 261 0 0 7 0 0 
8 ¥ 1987 1233 4 10 135 0 1 
9 ‘ 258 221 0 I 2 0 0 

10 Both ventrals 332 277 0 0 l 0 0 

11 ss 310 275 0 0 0 4 0 

12 Dorsal and 343 248 l 0 0 0 z 

left ventral 
Totals 9168 5343 14 31 151 4 3 


in that area. Site 5, on the north shore, caught marked shiners from the two 
adjacent areas of the north shore, but none from the south shore stations. Site 
6 in the same area, in addition to marks of its own area, caught shiners only from 
the area closest to it. Site 8 in the west end captured 4 shiners that had been 
marked at the east end of the lake, 10 shiners marked at central north shore sites, 
and only 1 shiner that had been marked on the south shore at site 12. The data 
indicate localized populations, in that the largest number of recaptures in any area 
was of marks put on in that area. Some shiners, however, moved downstream 
almost the entire length of the lake and others moved at least half way up the lake. 
While the shiners ranged the length of the lake, they did not move across the lake 
to any extent during the time covered by this work. Evidently shiner movements 
at this time were confined to the shoal area, and possibly adjacent deep water; they 
did not move across the deep water. 

There was some indication of a gradual downstream drift or displacement of 
shiners. Of the shiners marked in the east end, 6 were recaptured at the east end 
and 4 in the west end. By contrast, of the west-end marks 135 were recaptured in 
the west end, but none were retaken in the east end or beyond the mid point of the 
lake. There appeared to be more movement along the north shore than along the 
south shore. Shoals are much more extensive along the north shore. An attempt, 












implied in the 1952 data. 
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in 1955, to trace lake currents which might have influenced a movement of this 
type bore no results, nor does any other data corroborate this east to west drift 


AUGUST SEPT. 


Fic. 6. Above: Catches of shiners in three zones across the 
1956. Below: 
large and small shiners in three shoal zones in summer, 1956. 
A—shoreline; B—midshoal; C—shoal-edge. 
Large—2.5 to 5 inches, fork length; small—1 to 2.5 inches. 


Catch of 


In order to test the hypotheses derived from the study of spatial distribution 
of shiners, an attempt was made in 1956 to follow any seasonal movement of two 
size ranges across the shoal. The method employed consisted of series of minnow 
traps at various locations, set at intervals across the shoal. 
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The data of Fig. 6 describe horizontal movements. The top panel shows that 
while there were always more shiners at the shoal edge, decreasing catches in more 
shoreward traps were reflected in increases in offshore traps. As catches in Zone 
A decreased, those in B increased and later when catches in B decreased, C in- 
creased. The peak in catches of Zone C traps (shoal-edge) corresponded to the 
period of maximum surface water temperatures. The decrease in shoal-edge catches 
and increase in mid-shoal catches corresponded to decreasing temperature on the 
shoals. A reverse movement—from mid-shoal to shoal edge—occurred later, when 
there were minimal temperatures on the shoal; these are not shown but are derived 
from observations made by the author in late September and by others in October 
and November. The lodge operator reported that just before the lake became 
frozen over no shiners were to be seen on the shoals. 

Work in 1955 also led to the belief that there was a difference between the 
movements across the shoal of large shiners (2.5 to 5 inches) and small shiners 
(1 to 2.5 inches). The lower panel of Fig. 6 shows that while there were always 
more small shiners at the shoal edge, there appears to be no definite seasonal shift 
of these shiners from one zone of the shoal to another. The large shiners, however, 
carried out the trend exhibited in the plot of total numbers. The greatest numbers 
were inshore in June, mid-shoal in early July, and then at the shoal-edge (8 to 20 
feet of water) when maximum temperatures were reached. These fish also showed, 
to a small extent, the tendency to repopulate the shoal when shoal water tempera- 
tures decreased. Gill nets set in August caught far more large shiners near bottom, 
at the shoal edge, than they did in June. Gill net sets at the time of maximum 
surface temperature, running along the bottom perpendicular to shore and from 
shoal edge to a depth of 45 feet, showed concentrations of large shiners in a narrow 
zone at a depth of approximately 30 feet. No shiners were taken in the net from 
the 30- to 45-foot depth and the number of large shiners decreased rapidly in that 
section of the net running up the shoal incline and onto the shoal. Direct observa- 
tions in the fall of 1955 and 1956 showed that the large shiners disappeared first 
and the last shiners to be seen on the shoal were those in the 1- to 2.5-inch range. 
It is thought that large shiners return to the 30-foot depth as the lake cools pre- 
vious to freezing over. 

Direct observations showed that in daytime shiners moved across the shoal 
to approximately 15 to 25 feet beyond the drop-off and then returned to the shoal. 
Shiners seemed always attracted to anything different or any disturbance in the 
water. As a result they would follow a boat rowed through the school. They would 
not, however, follow beyond the 25-foot limit. 


VERTICAL MOVEMENT AT SHOAL EDGE 


Results of direct observations in 1955 implied a pattern in vertical movement 
of shiners at the shoal edge. To test the validity of this, three minnow traps were 
set at shoal edge, one just above the bottom (20 feet), one at mid-depth (10 feet), 
and the third, 1 foot below the surface. These were emptied every other day, the 
total number and the number of large and small shiners at each depth recorded. 
It was more difficult to follow this pattern as the vertical response to temperature 
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fluctuations seemed much more rapid. The upper panel of Fig. 7 shows the total 
catch at each depth, for 5-day periods, from June 17 to September 19, 1956. The 
lower panel of Fig. 7 indicates the catch of large and small shiners in these zones 
for the same period. 

The curves illustrating the total catches describe the successive decrease in 
catch in shallow traps and the eventual concentration in the deep trap by the time 
of maximum water temperature on the shoal. As catches at the surface (trap C) 
began to decline in mid-July, catches at mid-depth (trap B) increased. The catch 
at the bottom (trap A) was also increasing and gained its maximum as that in B 
began to decline. The points for late August and September give some indication 
of movements toward the surface again and perhaps an eventual approximation of 
the points, similar to that in June, indicative of almost equal distribution in all 
depths. 

When the catches are separated into size components (Fig. 7, lower) no clear 
differences in movement pattern for the two size ranges appear. The small shiners 
followed the general pattern, mainly at the surface in June, somewhat greater 
numbers in the mid-depth and deep traps in late July and more even distribution 
in late summer. The only pattern visible in the catches of large shiners is their 
greater tendency to remain at mid-depth and at bottom. This emphasizes the 
vertical stratification described above. 

Both horizontal and vertical movements were first noted in 1955 when the 
lake level was constant throughout the summer. In 1956 when the attempt was 
made to follow this with traps, lake level dropped drastically exposing part of the 
shoal. It is possible that the complete pattern as seen in 1955, especially the 
repopulation of the shoal before the return to deep water for winter, was somewhat 
disturbed in 1956 by the decrease in depth of water over the shoreward portion of 
the shoal. 


DIURNAL MOVEMENT 


In 1955, shiners were taken in overnight gill net sets at lake centre over the 
entire length of the lake, although it had seemed in 1952, from negative results of 
minnow traps set in vertical series in deep water, that shiners were restricted to the 
shoals. In 1955, gill nets set at the surface overnight caught 500 to 1,000 shiners and 
lesser numbers at greater depth as described above. Shiners either came up from deep 
water at the centre of the lake at night, or moved out from shore. Since no shiners 
were seen in deep water in daylight hours and none were taken in gill nets below 
the limit of visibility, it seemed more likely that they moved out from shore. Direct 
observations indicated that no shiners were ever seen during daylight hours at any 
distance greater than 25 feet from the shoal edge. Shiners would follow a boat 
rowed across the shoal to this distance and then return to the shoal. 

Gill nets were set on the surface at lake-centre in the daylight and inspected 
at two-hour intervals. Visibility was good (8 to 10 feet) and the area around the 
net was carefully scrutinized, each time, for shiners. No shiners were seen and 
none were taken in the nets during the day. Shortly after dark shiners began to 
appear in the nets. The net catches reached a maximum by 0400 hours and 
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tal changed little from then until daybreak when the nets were removed. As described 
he | above, lake-centre sets took shiners of all sizes and the vertical size stratification, 
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that shiners were absent or greatly reduced in number. Shiners were again abun- 
dant in these locations the following day. 

It was possible to trace, to some degree, the extent of the offshore movement 
of shiners. In August, 1956, shiners were caught by means of a purse seine (100 
feet long and 18 feet deep). These were caught from a large school on the shoal 


a 





Fic. 8. Schematic representation of movement patterns of redside shiners in Paul Lake. 


1. The loop in the fofeground represents seasonal movement over the shoal and the 
vertical movement at shoal edge. Shiners spend the winter off the shoals at approximately | 
30-foot depth. Large shiners are concentrated here in early spring. Shiners move on the }; 
shoal in mid-May and have dispersed over the whole extent of the shoal by July. With 
maximum shoal water temperature in August they move off the shoal into deep water and 
return to the 30-foot depth. Decrease of water temperature in September results in partial 
repopulation of the shoal by shiners. At this time they rise closer to the surface at shoal edge. 
With approach of minimal temperatures shiners again disappear from the shoals and it is 

assumed they are to be found in deep water. 


2. The arrows designating night pattern show the offshore movement at dusk. Some 
marked shiners moved completely across the lake. Whether they return by morning or remain 
on the other shore, is not known. 

3. The seasonal drift, along the shoals from east to west, at least as indicated for the 

north shore, is shown by the arrow in the background. 

4. The multidirectional arrows over the shoal indicate random lateral and vertical move- 
ments over the shoal in daytime. The sharply recurved arrow at shoal-edge indicates a tendency 
for shiners to go no farther than 25-30 feet beyond the shoal in daytime. Upon reaching 
this point, they quickly turn about and return to the shoal. 
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just east of marker No. 3 north (Fig. 1). Of the shiners caught, 14,300 of all sizes 
were marked by means of a fin clip and then released. After completion of mark- 
ing, 7 pieces of gill net (4- to 14inch mesh) were set staggered at equal intervals 
across the lake. These nets were set parallel to shore from shoal-edge in the 
marking area. 


TaBLE V. The total number of shiners taken, and the number of marked recaptures, in 

surface gill nets set at intervals across the lake parallel to shore. See page 254 for descriptions 

of net locations: A is adjacent to the marking site; G is adjacent to the shore opposite the 
Ve site. (Set B sank to the bottom.) 


Net Mesh size Total Number of 
location in inches catch marked shiners 

A Ya, %, 1 418 3 

B 1% 0 0 

Cc % 330 3 

D 1 52 0 

E %, 78 0 

F 1 161 2 

G Ya, Y%, 1 153 3 
Totals 1192 11 


The total overnight catch of shiners in all meshes was 1,192. Of this catch, 11 
were marked fish. The interesting point was that as many marked shiners were cap- 
tured in the net set near the opposite shore of the lake as were captured in the net 
adjacent to the marking site. If.the nets be designated as A to G from the marking 
site to the opposite shore, Table V shows the total number of shiners taken and the 
number of marked shiners recaptured. From this, one can assume that at least 
some shiners cross the lake. It was impossible to tell whether they remained on this 


shoal or returned to the opposite shore. Gill net catches at G up to two days later 
included no marked shiners. 


SUMMARY OF MOVEMENTS 


It seems, then, that redside shiners were distributed to a greater extent on the 
large shoals of the north shore of Paul Lake, than on the south shore. They existed 
as somewhat discrete schools of tremendous size separated by short intervals. They 
moved to a certain degree along the shoals in an east-west direction and had a 
complicated movement pattern over the shoal which seems to be related to she»: 
water temperature. All of these factors, as shown in Fig. 4, 6, and 7, tended to 
bring the shiners into contact with predatory rainbow trout during the months of 
July, August, and September. This period corresponds to that in which shiners 
constituted up to 90% of the diet of trout (Crossman and Larkin, in press). Even 
diurnal movements which carry the shiners out into the centre of the lake and to a 
maximum depth of 25 feet may put them in a position in which they are preyed 
upon by trout. Figure 8 is a schematic summary of the movements of shiners. 
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SUMMARY AND CONCLUSIONS 


There appear to be no discrete populations of trout at various locations in Paul 

Lake. Trout appear to move freely in all directions in the lake. 

2. While the movements of rainbow trout lead to their general distribution in early 
spring, in summer there is a movement into and concentration within areas of 
the lake where shiners are most thickly concentrated. 

3. Trout moving into these areas are mostly within the size range that is predatory 
on the shiners (over 14 inches). 

4. Redside shiners are distributed in association with areas of greatest shoal 
development. They occur in schools numbering thousands, the schools being 
somewhat isolated one from the other. 

5. Shiners perform random movements over the shoal in the daytime; they move 
out over deep water at night only; and they shift their position on the shoal 
and with depth seasonally, in association with fluctuating shoal water 
temperature. 

6. The possibly prey-oriented movement of the predator and the complex move- 
ment pattern of the prey tend to bring large predators and prey together at the 
shoal edge in mid-summer. At this time predation by trout over 14 inches in 
length is high and shiners constitute over 90% of their diet. 

7. When shoal water temperature is so high as to restrict trout feeding there, 
shiners are situated at the shoal edge where trout can prey on them by short 
excursions from the cooler water. 

8. In fall and winter when the diet of the trout implies they are again feeding on 

the shoals, the shiners are in deeper water isolated from them, so that there 

is little or no predation. Shiners constituted a negligible item in the winter diet 
of trout in Paul Lake. However, trout will take shiners readily at this time, 
as shown by angling through the ice with shiners as bait. 
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A Predator-Prey Interaction in Freshwater Fish’ ’ 
By E. J. CRossMAN* 


The University of British Columbia 


ABSTRACT 


The predator-prey interaction of rainbow trout, Salmo gairdneri Richardson, and the 
redside shiner, Richardsonius balteatus (Richardson), in Paul Lake, British Columbia, depends 
on such factors as distribution and movements of predator and prey, behaviour of predator 
and prey, lake morphometry, shoal water temperature and characteristics of the fish. 

In adult trout, activity associated with predation follows a stereotype pattern. Behaviour 
may also be responsible for the fact that trout under 10 inches in length do not utilize, as food, 
even small shiners to any extent, even though under laboratory conditions they will kill and 
eat them. The estimated annual kill of shiners by predatory trout is 150,000 and the shiner 
population is probably in the millions. Shiners preyed on are such that predation appears 
not to limit recruitment to the prey population. Shortly after their introduction to the lake 
shiners reduced the growth rate of small trout by competition. There is evidence that feeding 


on shiners now increases the growth rate of at least those trout over 14 inches whose food is 
as high as 98% shiners in summer. 
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INTRODUCTION 


STUDIES OF PREDATOR—PREY INTERACTIONS are usually complicated by the presence 
of many species. Paul Lake, near Kamloops, British Columbia, afforded an op- 
portunity to study predation with a minimum of complicating elements, and only two 
species of fish. While they interchange roles in the predator-prey complex, the 
primary situation is that in which the rainbow trout, Salmo gairdneri Richardson, 
preys on the redside shiner, Richardsonius balteatus (Richardson). Paul Lake 
constitutes an ideal habitat to study the interaction between these two fish and to 
delimit some of the governing factors. 

The history of Paul Lake is well documented. Rawson (1934) and Larkin 
et al. (1950) described its physical and chemical features. The fauna was dealt 
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with in these two papers and in others by C. McC. Mottley between 1931 and 1941. 
The introduction of the redside shiner into the lake and the resultant changes in 
the fish population were discussed in Larkin et al. (1950) and Larkin and Smith 
(1954). The gradual increase in predation and the concomittant changes in diet 
of trout from 1946 to 1956 are described in Crossman and Larkin (in press). 
Other aspects of this predator—prey situation are given in another paper (Crossman, 
1959). 


CHARACTERISTICS OF PREDATOR AND PREY 


Table I gives the size and age composition of a sample of 1,649 trout from 
the anglers’ catch in 1955 and 1956. The size range was 5.25 to 23.5 inches, fork 
length, and the mean size of the sample was 12.4 inches (315 mm). Maximum 


TaBLe I. Size and age distribution of a sample of the anglers’ catch in Paul Lake 1955 and 
1956. Numbers of specimens used for age determination are shown in brackets. A few 
specimens in the 15-19.75 inch range, and all larger individuals, were spawners and accurate 
age determination was impossible. 


- fotal no. in Age composition of subsample 
Size groups sample of _ al ; = 
(fork length) anglers’ catch I Il Ill IV Vv 





inches % no. % no. % no. % no. % no.z 








5.0-9.75 76.2 90 a ae sas 
10.0-14.75 1067 10 6 61.3 269 32.3 144 43 19 o2 1 
15.0-19.75 267 i 29.4 35 59.7 71 10.9 13 


size recorded for rainbow trout in Paul Lake is 9.5 lb (4.3 kg), recorded in 1931 
(Mottley, 1932). Maximum age appears to be 5 to 6 years. Sex ratio, maturation, 
and spawning migration of rainbow trout in Paul Lake have been described in 
various papers mentioned above. 


TABLE II. Size and estimated age distribution of a sample of 5,321 redside shiners captured 
in Paul Lake, June to September, 1955. 


‘ 


“T+ and Iv+ 
(?) 

















Estimated age 0+ Ts I+ 

Fork length (inches) 1-1 18-2 2-28 26-3 3-33 38-4 4-4) 45-5 
No. of fish 825. +309 «798 #41160 #1171 «29857. «+159 += 42 
Percentage of total 15.5 58 150 208 22.0 16.1 3.0 08 


Table II shows the size distribution of shiners taken in minnow traps from 
June 8 to September 15, 1955. The seasonal mode was 2.5—3.5 inches. The largest 
shiners seen in Paul Lake were 4.5 to 5 inches, fork length. Lindsey (1950) 
gave the estimated mean standard length of shiners in Pinantan Lake (immediately 
above Paul Lake in the drainage system) as 1.1 inches at year 0, 2.2 at year I, 
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and 2.9 at year II, “at September Ist.” Lindsey noted the difficulty in aging shiners 
by size frequency because of the different growth rates of the sexes. However, size 
frequencies in Paul Lake correspond roughly to those given by Lindsey, so that one 
might estimate an approximate growth rate in fork length in inches, for shiners in 
Paul Lake on September Ist, 1955 as follows: 


Year 0 Year | Year Il 
1-1.5 1.5—3 3-4 


Those shiners included in year 0 were hatched during the summer (perhaps as 
early as June 28th) and had attained this size by September Ist. Those included 
in I are those hatched the previous year. Numbers taken for sizes over 4 inches 
are too small to make any estimate but it seems likely, from this growth rate, that 
maximum age is III or IV at the maximum size of 4.5—5 inches. The size range 
for each age is somewhat greater than that recorded by Weisel and Newman (1951) 
for a colder body of water in Montana. The growth rate in Paul Lake is perhaps 
greater. 

From samples taken in 1955 and from Lindsey (1950) the sex ratio of 
redside shiners does not differ significantly from 1:1 ratio (P = 0.8.) In five 
samples totalling 178 shiners there were 87 females and 91 males. 

In 1955 ripe males and females were first taken on June 10th; in 1956, on 
May 15th, ripe males were taken, in deep water before they appeared on the shoals. 
Many males were at this time showing signs of sexual maturity. The peak in num- 
ber or ripe individuals taken was about June 16th. The last ripe females were seen 
toward the end of July and males in the first week in August. Free-swimming 
shiner fry appeared in the first’ week of July. Lindsey (1950) estimated that the 
spawning period of shiners in Rosebud Lake, British Columbia, extends from the 
last week in May to the first week in August. 

Eggs are laid between dusk and dawn; they are adhesive and are broadcast. 
These eggs adhere to the substrate or vegetation and hatch in approximately 8 days 
(Lindsey, 1950), or S—10 days (Weisel and Newman, 1951). 


TIME AND PLACE OF PREDATION 


Time and place of predation are governed by the distribution and movements 
of both predator and prey. Rainbow trout in Paul Lake appear to be generally 
distributed in the lake except during the period of spawning migration and the 
period in midsummer when stomach contents show predation on shiners to be at 
its maximum. At this time large trout move into those sections of the lake contain- 
ing the heaviest concentrations of shiners. The trout appear to move over the 
entire length of the lake and from shore to shore. 

The redside shiners in Paul Lake exhibit a somewhat complicated movement 
pattern consisting of random movements over the shoal during the daytime, move- 
ment out over deep water after dark and a return to the shoals at daylight. Super- 
imposed on this is a seasonal movement, apparently in response to changes in 
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shoal water temperature, which places them on shoal in mid May and June, at 
shoal-edge in mid July and August, on shoal in September and concentrated at 
depth of 30 feet in winter. 

These movement patterns tended to bring the predator and its prey together 
during the summer for a period of approximately 82 days on the shoal and at the 
shoal-edge in areas of extensive shoal development. Where shoal development is 
low shiners did not congregate and predation was low. Stomach analyses indicated 
the two species were possibly isolated in winter. The shiners were at 30 feet and 
the trout were more heavily concentrated on the shoals than in deeper water (Cross- 
man, 1959). 


VARIATION IN DEGREE OF PREDATION 


Degree of predation, as measured by the number of trout in a weekly sample 
which contained shiners and the total weekly volume of shiners consumed by trout, 
varied over the season within size groups of trout and varied between size groups 
of trout (Crossman and Larkin, in press). Table IV gives this variation as total 
number of shiners consumed in one season by trout of various sizes. In August, 
1956, for 106 trout under 10 inches in fork length shiners constituted only 6% of 
the total volume of food consumed. For 439 trout 10-14 inches in length, 79% 
of the food was shiners; and it was 94% for 253 trout over 14 inches. These 
figures are for the peak period of predation and the seasonal variation is such that 
bottom organisms are the dominant food item in spring, late fall and winter, and 
shiners the dominant item in July, August and early September. Shiners never 
constitute the dominant item of food for trout under 10 inches, nor for any size 
of trout in winter. A more detailed discussion is given in Crossman and Larkin 
(in press). 


BEHAVIOUR OF PREDATOR AND PREY DURING PREDATION 


The following are notes on non-quantatative direct observations and simple 
unrepeated experiments; while they are non-conclusive they possibly point out the 
importance of behaviour in a predator-prey situation. 

For this discussion adult trout will be considered as those over 10 inches in 
length and possibly sexually mature. Trout under 10 inches will be referred to as 
juveniles. 


BEHAVIOUR OF ADULT TROUT PREYING ON SHINERS 


The type of predation to be described here can be referred to as surface or 
visible predation, since it occurred at or near the surface and the activity was visible 
from 25 to 50 feet away. 

Visible predation by trout took place in 1955 and 1956, only in restricted 
areas of the lake, coinciding with greatest shoal development and highest con- 
centration of Chara. No predation was observed along the shore of the lake where 
it is rocky and steep. Many hours were spent, in the course of the study of the 
distribution of shiners, in areas where predation was observed to take place. Direct 
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observations were made, often close at hand, of trout preying on shiners. Repeated 
observations suggested a highly characteristic pattern of predation. 

From a distance, the first signal of surface predation is a rippling sound, like 
rain falling on the surface of the lake, and the reflection of the silvery sides of 
shiners leaping out of the water. This is followed by two or three loud splashes 
made by a trout as it pursued the shiners with the upper part of the tail and part 
of the body above the surface of the water. 

In areas where predation could be observed more closely, the trout were seen 
swimming in from open water at a depth of about 6 feet. It was often possible to 
identify individual trout by marks, scars or injured fins. Characteristically, the trout 
would swim slowly under a school of shiners and then swim off, out of sight, into 
open water, causing no apparent alarm on the part of the shiners about 2 feet above 
it. The trout would soon return at the same depth but at far greater speed. Close 
to or under the school of shiners, the trout would rise toward the surface. It was 
during this rise that the shiners would disperse and leap out of the water. The 
trout would rise to the surface of the water and there would be two clearly audible 
splashes in close succession as if the trout thrust very vigorously with its tail. While 
at the surface it would engulf one, and sometimes two shiners. 

At times the trout would chase a shiner over the surface about 15 feet before 
capturing it. Then it would dive to about 6 feet and return to open water. 

In all cases observed the trout appeared to be pursuing individual shiners 
rather than attempting to catch one at random by rushing through the centre of the 
school. Typically the trout came to the surface at the edge of the school, rather 
than in the centre of it. Around the fringe of a large school of shiners, there would 
commonly be five to ten 3- to 4-inch shiners that were less active than the others 
and somewhat isolated from the main group. These shiners were the victims 
of predation. Contrary to anecdotal opinion, a trout did not come up into the 
school and stun one or more shiners with its tail, then turn and engulf the injured 
prey. 

All trout observed feeding in this manner appeared to be over 12 inches in 
length and many of them appeared to be in the range 16 to 20 inches. 

From observations in 1955 it seemed that many of the feeding trout were 
very dark in colour, as if sexually mature. Of a total of 783 trout examined in 1955, 
627 were immature and 156 showed signs of sexual maturity. Of these 783 trout, 
128 had shiners in their stomachs. Of the 128 trout which had eaten shiners 76 
were immature and 52 trout showed some signs of maturity. Signs of maturity 
were maturing gonads or spent ovaries and spawning colouration of spawned out 
females. 

In 1956 intensive visible predation began in mid June and continued until the 
termination of field work on September 17, with a peak in late July and early 
August. Notations were made each day that predation was observed. A crude 
estimate of intensity either in number of trout seen, or in degree of predation (such 
as light, medium or heavy) was also made. Light intensity signifies fewer than 
25 instances of trout preying on shiners, medium intensity 25 to 50 and heavy 
over 50 instances, in any one day. 
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Heavy predation was observed only in July. Predation in August decreased 
gradually from medium to light. In September it ranged in the opposite direction. 
being light at first and then somewhat heavier (Table III). 


TaBLe III. Intensity of predation in summer months, 1955-1956. (Intensity is the number of 
times in a day visible predation was observed, ey according to the following scheme: 
Ligne than 25; Medium—25-50; Heavy—over ieecadl 


Bamber ft : 
observations Intensity 


May light (1 trout only) 
June light (2 trout only) 
July heavy 

August medium to light 
September light to ‘medium 


On clear, hot days in July and early August when the lake was extremely 
calm, predation was at its heaviest. Visibility through the water was exceptional 
then, and the sun’s reflection off the silvery scales of a shiner was clearly visible 
at 25 to 50 feet. This reflection may have made the shiners more readily detected 
by trout. 


BEHAVIOUR OF JUVENILE TROUT WITH SHINERS 


Few shiners are eaten by small trout. This is true even although, during the 
time shiners constitute 90% of the diet of large trout, newly hatched shiners of a 


size which small trout could utilize are abundant. 

Small trout (4-6 inches) were not often seen, when they were, they were 
always in company with a school of shiners. There appeared to be no interspecific 
aggression. In summer, in shoal water the shiners appeared to be more efficient 
feeders. When a trout and a shiner darted after the same food item, the shiner 
invariably got it, and while shiners would move right in to the shore to feed, trout 
did not usually come into water shallower than 15 inches. 

Field observations raised questions about the role of size stratification of 
shiners (Lindsey, 1950; Crossman, 1959) in isolating small trout from small 
shiners. Simple unrepeated trough experiments, designed to determine whether 
small trout (4-8 inches) were capable of catching and eating small shiners and 
whether the presence of large shiners would deter them from this, were carried out 
in the winter of 1955-1956. Trough experiments in which four 6-inch trout were 
held with varying numbers of shiners of different sizes showed the following: 

1. The trout seem to establish territories in the corners of the troughs but 
moved about freely with the shiners. In the troughs as in the lake, the shiners were 
the more active feeders. Vertical stratification of shiners by size was apparent here 
also. 

2. Trout ate no live, active shiners during the first week when all fish were 
fed hatchery food. They did try unsuccessfully, several times, to engulf one-inch 
shiners which were killed and broadcast into the troughs as the hatchery food had 
been. 
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3. After a starvation period of one week, four 6-inch trout held with twenty 
|- to 1.5-inch shiners did eat shiners. In four different triais they ate shiners at a 
mean rate of 0.14 shiner per trout per day. 


4. In other experiments 6-inch trout were held with equal numbers of large 
and small shiners and with greater numbers of large than small shiners. In these 
experiments large shiners in no way appeared to prevent or lessen the contact of 
trout with the smaller shiners. The trout not only ate small shiners at a rate approxi- 


mately equal to the other experiments, but apparently killed some of the larger 
shiners. 


EFFECTS OF PREDATION 

Predator control programs are usually aimed at the eradication of predators 
which supposedly hold the population of some desired animal at a level lower than 
the habitat can support. 

However, in the Paul Lake situation the predator is the desired animal. It 
is interesting nevertheless, from a theoretical standpoint, to estimate the effect of 
trout on shiners. Shiners compete seriously with small trout for food. For large 
trout, on the other hand, shiners are a major summer food. Could the predatory 
activity of large trout gradually reduce the number of shiners, and in this way, over 
a period of years, reduce their competition with small trout? The change in the diet 
of trout, the increase in the consumption of shiners and the competition from 
shiners, has changed the growth rate of trout in Paul Lake. Each of these factors 


is important in any consideration of management policy for this lake, and others 
containing trout and a competitive non-game species. 


EFFECT ON REDSIDE SHINERS IN PAUL LAKE 


Larkin et al. (1950) gave an estimate of the population of 2-year-old and 
older trout in Paul Lake as at May 1, 1950. It is possible to calculate proportional 
strength of various size groups in the population from a catch curve (Ricker, 1948) 
of the 1955-1956 anglers’ sample. Combining these data one can make a crude 
estimate of at least the order of magnitude of various size groups at the mid point of 
a hypothetical season. 

Using these data, it is estimated that at mid-season of such a hypothetical 
season in Paul Lake there were approximately: 


12,500 trout 5-10 inches 
2,490 trout 10-14 inches 
855 trout 14 + inches 


The size groups are chosen to correspond to Paul Lake trout stomach analysis data 
of Crossman and Larkin (in press) which give some indication of fluctuation in 
extent of predation. 

From the stomach analyses it was determined that the degree of predation, 
measured as the number of trout in the sample which had eaten shiners, varied 
between the size groups. In the total anglers’ sample of trout in 1955 and 1956, 
5% of trout 5-10 inches in fork length had eaten shiners, as had 16.3% of trout 
between 10 and 13 inches, and 46.7% of those over 13 inches. 
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Applying these percentages to the estimated number of trout indicates that, in 
the hypothetical season, the number of trout in each size group in the sample which 
had, on any one day, eaten shiners can be considered as: 


625 trout 5—10 inches 
406 trout 10-14 inches 
399 trout 14 + inches 


The total number of trout which had, on any one day, eaten shiners, was 1,430 
out of an estimated total population of 15,845 trout over 6 inches in length, or less 
than 9%. 

It is known that, for those trout in the sample which had preyed on shiners, 
the mean number of shiners found in the stomach was 1.7. The highest number 
recorded was 21 small shiners in an individual stomach. This is an isolated case 
and no others were as high as 10 shiners. This average is for all sizes of trout but 
is derived mainly from the large trout since the degree of predation of small trout 
(6 to 10 inches) is almost negligible. When size groups are separated the mean 
numbers of shiners found in the stomachs of trout (which contained at least one) 
in 1955-1956, are 1.2 in 6- to 10-inch trout, 1.8 in 10- to 14-inch, and 2.5 for 
trout 14 + inches in length. 

Experiments with live trout in captivity showed that it takes at least 24 hours 
for a single shiner to pass completely through the stomach. The period of intensive 
predation extends from about July 1 to late September, or about 82 days. 

The percentage of an anglers’ sample of trout which had shiners in their 
stomachs will be assumed to represent the percentage of each size group which had, 
on any one day, preyed on shiners. This figure, together with the data for mean 
number of shiners consumed by trout in each size group and the length of the 
predation season, can be utilized to calculate an estimate of the seasonal mortality 
of shiners as a result of predation by trout (Table IV). The seasonal consumption 
of shiners by trout is of the order of 148,000. 


TABLE IV. Estimate of the number of shiners preyed on by trout in a season. 


Number eaten by 

Estimated Percentage of Estimated number Mean number all trout in size 
Size of trout number in / Anglers’ sample preying on shiners of shiners group in 82-day 

(fork length) lake containing shiners on any one day eaten season 


inches (a) (b) z (c) j 82 x (ab) x (c) 

6-10 12,500 0.05 om 6,199 
10-14 2,490 16.3 8 60,582 
14+ 885 47 5 81,795 


Totals 15,875 148,576 


The population of shiners in Paul Lake is extremely large and their number 
is difficult to estimate. Lindsey (1953) estimated that Paul Lake probably con- 
tained between 5,000 and 100,000 shiners per acre prior to the spawning period 
in 1950, or 5,000,000 to 100,000,000 in all. Larkin and Smith (1954) estimated 
the population of shiners in the vicinity of each trap they used as approximately 
15,000 individuals; based on the area which each trap fished, they concluded that 
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the shiner population of Paul Lake probably comprised several million individuals 
in 1952. Even considering the lower limits of these crude approximations, trout 
predation does not act as an effective control of the number of shiners in the lake. 
Larkin and Smith (1954) concluded that this was so in 1952, saying: 


“It is doubtful whether predation by the present trout population would significantly 
affect the numerical abundance of the shiner population of Paul Lake. Since the 
large stock of Kamloops trout in Paul Lake did not deter the multiplication of the 
first few immigrant shiners it most certainly would make little inroad into the present 
population of several millions.” 


The failure to deter the multiplication of the first few immigrant shiners might be 
attributed to the small probability of the meeting of trout and shiners at that time. 
However, figures for estimated kill at present, when stomach contents of trout 
indicate a high degree of predation, show that trout predation still constitutes no 
control of the number of shiners. 

Another fact to be considered is the type of shiner that is preyed upon by 
trout. Since only 5% of shiners eaten are fish of the year, and the heaviest preda- 
tion is in August when those shiners taken quite possibly have spawned and may 
die before the next spawning season, then predation by trout is neither limiting 
recruitment of young shiners to the population nor reducing the large number of 
mature shiners before they have had an opportunity to reproduce. 


EFFECTS ON RAINBOW TROUT IN PAUL LAKE 


The relationship of the two species of fish in Paul Lake has changed since 
1945. After a meteoric rise in numbers of shiners, predation and competition 
exerted by these fish brought about a drop in production and decrease in the growth 
rate of trout in Paul Lake by 1952. At this time predation by trout on shiners 
was low. The change in 1953, to stocking the lake with larger trout, ended the loss 
due to predation by shiners, at least in those trout artificially recruited to the stock. 
It also reduced the time between periods when trout were a size at which competi- 
tion with shiners was severe and the size at which trout fed on shiners. 

Gradual increase in the degree of predation, reduction in trout size at which 
shiners constitute an important part of the diet, and increase in the stomach 
volumes of larger trout may be evidence of partial compensation, in larger trout, 
for the inhibitory action impressed on smaller trout as a result of competition from 
shiners. The apparent increase in the number of large trout (4 to 6 pounds) in 
the anglers’ catch may be the combined result of the known success of liberated 
trout and any increased growth as a result of feeding on shiners. Larkin et al. 
(1957) stated that availability of food organisms determines the ratio of energy 
gained from food intake to energy expended in living processes. Trout eating 
shiners take in more food than those not eating shiners. In a sample of 815 trout 
in 1955, 134 had eaten shiners and 681 had not. The seasonal, average corrected 
stomach volume (Larkin et al., 1950) for those trout eating shiners was 4.3 cc, 
while for those not eating shiners it was 2.0 cc. This increase in food intake as a 
result of ready availability of food, in the form of shiners, should be reflected in 
growth rate. 
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Growth of fish expressed as “size specific instantaneous annual growth rate” 
(Larkin et al., 1957), compares growth on the basis of size rather than age. Since 
size and not necessarily age is so important in determining how an animal meets its 
environment, this technique better describes the effect of environment on growth. 
Expressed in this way, the growth rate of trout provides an insight into one of the 
effects of shiners on trout in Paul Lake. 


o---0 1946-1949 
; o—e 1952 
w—a 1955-1956 




















GROWTH RATE 





4 8 12 
FORK LENGTH (in) AT BEGINNING OF YEAR 


Fic. 1. Instantaneous rate of growth in length (logi. fork length at age n+ 1 
minus log. fork length at age n) in relation to fork length at the beginning of the 
year, for rainbow trout in Paul Lake before and after the introduction of the ' 

redside shiner. (From Crossman and Larkin, in press). 


Figure 1 shows instantaneous growth rates plotted against fork length, for { : 
trout in Paul Lake, for three periods. The period 1946-1949 represents the lake 
before the entrance of shiners; 1952 the time when shiners were exerting maximum | 1 
influence, and 1955-1956 a time when predation by trout on shiners was an im- 
portant feature. While the effect of competition is still visible in the depressed 
growth rate of small trout, as compared to 1946-1949, growth in 1955-1956 is 
somewhat higher than in 1952. The fact that the 1955—1956 line crosses the 1946- 
1949 line in the 8- to 12-inch size range is some indication that growth rate, for | 
trout over 8 inches in length, may be greater than in the period when the lake | 
contained trout only. The 4—S year life span of trout, the extremely variable growth 
rate and erosion of the scale edge during spawning migration, make it impossible 
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to calculate size-specific growth rates for sizes over 12-14 inches. The effect on 
growth rate might be much greater at these larger sizes. 

Examination of larger trout which had eaten shiners indicated that weight was 
an important feature. The larger trout appeared very deep and thick. It is possible 
that the main increase in growth as a result of feeding on shiners is expressed in 
weight and will not be too apparent in growth rates using lengths only. 

Stomach contents indicate that in the interval between 1945 and 1950, al- 
though present in the lake, shiners were not found in the stomachs of trout. Preda- 
tory trout exhibited a very stereotype behaviour pattern. Time, place, and manner 
of predation seem very fixed. 

These two facts suggest the necessity of a period of time for the change from 
omnivorous to piscivorous food habits. The effect, of difference in length of lake 
residence in contact with shiners, for comparable size trout, on the degree of preda- 
tion on shiners also illustrates this point. Marked liberated trout have at least one 
and sometimes two years less resident time in the lake than unmarked trout of 
similar size. Unmarked trout have had one or two additional years in contact 


TABLE V. Volume of shiners consumed by marked and unmarked trout of 3 different size 
ranges in 1955 and 1956. 























(toate lenatte) 6.0-9.75 inches 10.0-13.75 inches 14.0 inches and over 
P — No. of Total volume Mean No. of Total volume ‘Mean ; No. of Total volume Mean 
trout of shiners volume trout of shiners volume trout of shiners volume 

1955 cc cc ce ce cc cc 
Marked 49 0 0 184 62.1 0.3 23 23561 a 

Unmarked 149 8.4 0.06 416 118.8 0. 2 94 418.7 4. 5 
1956 : 

Marked 15 0 0 166 113.8 0.7 85 224.7 2.6 

Unmarked 91 15.8 0.2 273 421.7 1. 5 


168 1,004.3 I 





with shiners and other trout feeding on shiners. In both 1955 and 1956 (except 
for trout of 10—14 inches in 1955) marked trout of all sizes ate smaller quantities 
of shiners than did unmarked trout. This is especially true of the largest trout, 
where the figure for unmarked trout is double that for marked trout (Table V). 
Increase in amount of shiners consumed with longer lake residence is apparent also 
when marked fish are followed through successive years, although this is partly 
a function of increasing size (Table V1). 


TaBLeE VI. Volume of shiners consumed, in 1955 and 1956, by marked trout liberated into 
_Paul Lake ii in the Spring | of I 1954 and i in the Spring of 1955. 

















1955 ~ 1956 
Total, Mean Total Mean 
Number volume volume Number volume — volume 
Trout liberated ce ce ce cc 
in 1954 112 83.8 0.7 62 148.1 2.4 
Trout liberated 
_in 1955 43 0 0 194 190.4 0.9 
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The casual rather than causative effect of the complex though limited inter- 
action of predator and prey in Paul Lake suggests that to isolate this phenomenon 
is to look at only one of many interrelated phenomena, of which nothing less than 
the additive or multiplicative effects express the total of the ecological association 
in freshwater communities. 


SUMMARY 


In Paul Lake, rainbow trout have preyed on redside shiners since 1950, ap- 
proximately 5 years after the introduction of this cyprinid. Amount of preda- 
tion varies directly with length of lake residence of the individual trout. 

Time and place of predation depend on patterns of distribution and movement 
of both predator and prey which bring them together to the greatest extent in 
midsummer at the shoal-edge. These patterns isolate predator and prey in 
winter. 

Degree of predation varies directly with size of trout, and varies within size 
groups over the season. Trout under 10 inches prey on shiners to only a very 
limited extent. In large trout over 14 inches predation is lowest in winter and 
early spring and highest in July to early September. 

Predation on the part of adult trout takes place with a fixed, observable pattern. 
Although they seem not to do so in nature, small trout can and will attack, kill 
and consume small shiners under experimental conditions. The presence of 
shiners as large as themselves does not deter them. 

Predation on shiners by trout does not constitute a control of the number of 
shiners. Trout do not prey on small shiners being recruited to the population. 
They prey mainly on large adults which have spawned and may die before the 
next spawning season. 

Predation on shiners by large trout has led to partial compensation for effects 
of competition exerted on small trout by shiners. Growth rate is now slightly 
greater for large trout than in the period prior to the entry of shiners, though 
less for small trout. 

Numbers of trout are determined by factors other than the abundance of shiners. 
The number of shiners is not greatly influenced by predation by trout. 
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Effects of Some Aspects of Environment on the Distribution 
of Juvenile Herring in Barkley Sound” ’ 


By ALAN S. HoURSTON 


Fisheries Research Board of Canada 
Biological Station, Nanaimo, B.C. 


ABSTRACT 


During the early juvenile stage, the herring in Barkley Sound move from the spawning 
grounds, mainly on the northwest side of the sound, to rearing grounds mainly on the southeast 
side. From a study of the distribution abundance and environment of the juveniles, it would 
appear that the herring were neither carried across the sound by prevailing currents nor were 
they simply following their food supply. The fish appear to have dispersed and gradually 
collected in the sheltered bays, inlets and channels, which are more numerous on the southeast 
side. Juvenile habitats generally had shallow thermoclines, medium salinities and below 
average zooplankton concentrations but these factors did not appear to affect the distribution 
of the juveniles directly. 


INTRODUCTION 
GENERAL BACKGROUND 


HERRING spawn in Barkley Sound (Fig. 1) on the west coast of Vancouver Island 
from late January to early April. The larvae hatch in about two weeks and are 
gradually dispersed from the spawning grounds. During the larval period the 
abundance per unit volume of water decreases with the distance from a spawning 
ground (Stevenson, MS, 1955). In six to eight weeks the larvae metamorphose 
into juveniles. A month or so later the juveniles begin to form relatively large 
schools. In a survey of the juvenile herring in Barkley Sound in 1951 through 1954 
(Hourston, 1958a), schools of juveniles were found mainly in inlets and bays 
and around islands (Fig. 3). On the other hand, spawning during these years took 
place mainly along the Macoah Passage shore (Fig. 4—Stevenson et al., 1951; 
Stevenson et al., 1952; Stevenson and Outram, 1953; Taylor and Outram, 1954). 
Studies of various aspects of the environment were carried out in conjunction with 
the surveys of juvenile abundance in an effort to determine the cause of this change 
in distribution. 


JUVENILE HERRING BEHAVIOUR 


Juvenile herring schools were found just below the surface (2 to 20 feet) 
at dawn and dusk, when they appeared to be actively feeding. During the day they 
were observed at slightly greater depths (10 to 50 feet) when they showed little 
signs of feeding activity. Due to practical considerations, no attempts were made 
at comprehensive surveys during the hours of darkness. Occasionally schools were 
observed near the surface at night but these appeared to be relatively inactive and 
it is considered unlikely that feeding is extensive at this time. Since juvenile 
herring are strong swimmers and thus are relatively independent of the direct 
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influences of current it seems likely that they seek out their food under optimum 
feeding conditions available at dawn and dusk. Many, if not most pelagic organ- 
isms, make daily journeys from deeper water to the surface at the approach of 
darkness and begin to return to deeper water at or before the break of dawn 
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Fic. 1. Map of Barkley Sound showing localities mentioned in the text. 


(Sverdrup et al., 1942, p. 836). Thus the periods about dawn and dusk would 
be the only times at which the zooplankters upon which the juvenile herring feed 
would be both relatively concentrated and visible to their predators. 


DESCRIPTION OF BARKLEY SOUND 


Barkley Sound is the most southerly major indentation on the southwest side 
of Vancouver Island. It runs in a southwest-northeast direction, between 48° 47’ 
and 49° 02’ North Latitude and between 124° 35’ and 125° 35’ West Longitude. 
Physiographically, Barkley Sound consists of the mouths of three inlets of varying 
size—Alberni, Effingham and Pipestem. During the Ice Age channels were gouged 
out by moving glaciers in all these inlets but particularly Alberni Inlet. Land 
masses separating the channels have been broken through by ice erosion and other 
elements sometime in their geological history. The island groups are remnants of 
these land barriers. Two chains of islands break it into three major channels— 
Trevor Channel along the southeast side between the Tzartus Island chain and the 
mainland of Vancouver Island, Imperial Eagle Channel between the Tzartus 



















yuld 
feed 


side 
47’ 
ude. 
ying 
uged 
Land 
»ther 
ts of 
els— 
d the 
artus 





HOURSTON: DISTRIBUTION OF JUVENILE HERRING 285 


Island chain and the Broken Group in the middle of the sound and Loudoun 
Channel between the Broken Group and the northwest shore. Sill depths at the 
mouths of these channels are 25, 61 and 42 fathoms, respectively (Fig. 2). The 
sound is surrounded on three sides by mountains, mainly 2,000 to 4,000 feet above 
sea level. The major source of runoff is the Somass River emptying into Alberni 
Inlet at the head of Trevor Channel. A second appreciable source is that from the 
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Fic. 2. Map of Barkley Sound showing major depth contours. 


Toquart River and nearby streams, and the Maggie River in the northwest corner 
of the sound, both running out through Macoah Passage. 


RESULTS 


Early in the juvenile stage, the herring in Barkley Sound move from the 
spawning grounds, mainly on the northwest side of the sound, to rearing grounds 
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schools were found, 1951-1954. 
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juveni ing schools were 51-1954. 
Localities in Barkley sound (shown in black) where juvenile herring schools were found, 1951 
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Locations and dates of herring spawnings in Barkley Sound, 1951-54 
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mainly on the southeast side. This change in distribution could be merely the end 
result of a passive transport of the young herring by the prevailing currents from the 
spawning grounds across the sound to the rearing grounds. This same mechanism 
could work indirectly by transporting the food supply (small zooplankton) of the 
juvenile herring with the fish themselves following. On the other hand, these fish 
could be actively seeking a more suitable environment, even if they merely dis- 
perse from the spawning grounds and then tend to collect in the more favourable 
environments. In the former alternative the movement may be considered as the 
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Fic. 5. Map of Barkley Sound showing stations for synoptic surveys and surface current 

measurements in 1954. Bathythermograph casts, surface temperatures, salinity determinations 

and meteorological observations were taken at dots; plankton hauls were taken along arrows. 
Numbers circled indicate stations for surface current measurements. 


cause of the change in distribution; in the latter it would be merely a means of 
achieving a change in distribution. These two alternatives will now be examined 
in the light of the data available on the environment of the juvenile herring. 


THE CASE OF PASSIVE MOVEMENT AS THE DIRECT CAUSE OF THE CHANGE IN 
DISTRIBUTION 


If the movement is passive, the water circulation in the sound must be such 
that it would tend to carry the fish and their microenvironment across the sound 
from the spawning grounds on the northwest side to the rearing grounds on the 
southeast side. Since juvenile herring are active swimmers and well able to hold 
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their position independent of currents of the strength found in this region, it seems 
probable that any passive movement would result from the fish maintaining them- 
selves in a moving microenvironment. 

The upper limits of juvenile schools observed at dawn and dusk during the 
population surveys were usually within 10 feet of the surface. While schools were 
seldom observed during the day in these surveys, observations on the early juvenile 
stage in 1951 indicated that when the change in distribution of the young herring 
begins, many schools occupy comparable depths during the day as well as at dawn 
and dusk. Since the daylight period is appreciably longer than that of darkness in 
this region at this time of year, it would appear that the major effects of water 
circulation on juvenile distribution would take place in the surface region. 

The thermocline in Barkley Sound was shallow where observed during this 
study, usually at a depth of 20 feet or less. Consequently, measurements of 
surface current had to be confined to the upper 15 feet or so. To this end a 14- 
foot drift pole of 2 < 4 inch timber, weighted at one end, and with a light mounted 
on the other end, was used to measure surface current. Direction of drift was 
obtained by sighting a compass on the after deck of an anchored vessel onto the 
pole. Distance drifted was measured by a small line (,'; inch diameter) with corks 
tied on at intervals of about 50.7 feet, so that two corks in one minute represented 
a current of one knot. 

Drift pole observations were made every half hour for a 25-hour period at 
eight stations in Barkley Sound during July and August, 1954 (Fig. 5). Stations 
1, 2 and 5 were repeated under different wind conditions. 

From frequency distributions of direction of flow at 20-degree intervals, it 
appeared that the currents at four. of the eight stations showed a more or less simple 
reversal along an axis of about 100°—280° (i.e., across the sound). The currents 
at these stations were, therefore, resolved into their components along this axis 
and plotted, together with tidal height and wind direction and force (Fig. 6). The 
other four stations showed a sizeable in-and-out component along a 40°—220° axis, 
and both this component and the cross-sound component were plotted for these sta- 
tions (Fig. 7). The area enclosed by each curve above and below the base line 
(determined by planimeter) gives the position and negative components respectively 
of the vectors plotted. These components are shown for all stations in Fig. 8. 

At five of the eight stations the flow was predominantly cross-sound, but 
except for Stations 5 and 11 (in Loudoun Channel off Peacock Channel) the flow 
was greater towards the northwest than towards the southeast side. (Easterly flow 
predominated very slightly at one of two Sechart Channel stations.) Westerly 
winds predominated during the occupation of five stations and southeasterly 
during two, whereas at four the wind did not blow consistently from either direction. 
Thus, wind could not have been the major factor in the movement of the surface 
water. An increase in the extent of southeast winds in Loudoun Channel (Station 
11 as compared with Station 5) did not appear to have appreciably affected the 
direction of flow, and an increase in the extent of westerly winds in Sechart Chan- 
nel (Station 1 as compared with Station 9) and Coaster Channel (Station 2 as 
compared with Station 10) occurred at a period of increased rather than decreased 
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Fic. 6. Cross-sound surface currents in knots at the four localities (three repeated) in 
Barkley Sound in which the major flow appeared to be in the cross-sound direction only 
Tidal height and wind conditions are also given. 
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tlow to the west. Thus, except for small variations in the current curves, wind does 
not seem to have had much effect on the surface circulation. However, the winds 
involved were generally small (less than Beaufort Force 3) and would not have 
blown with sufficient strength for a long enough time to have any major effect. 
The single daily current cycle occurring with a twice daily tidal change, which 
was described in this region by Doe (1952), was evident at Station 1, and it may 
have been observed at Stations 4, 5 and 10. Doe attributed this to a differential 
rate in tidal rise and fall on either side of the sound, or to a difference in the width 
of the tidal front. He considered runoff to be the dominant factor in the surface 





Fic. 8. Total cross-sound surface currents (Knots) for semi-hourly observations over a 

25-hour tidal cycle at eight stations in Barkley Sound during the summer of 1954. In-and-out 

flow is also shown where appreciable; solid lines indicate the direction in which flow is 
stronger; dotted lines, flow of less intensity. 





circulation in April. Since runoff in this region reaches its maximum in June, the 
effect of this factor would probably be equally great from mid-July to mid-Septem- 
ber as in April, and should thus be just as dominant in summer as in April. This is 
borne out by the fact that surface flow throughout the sound seems to be generally 
away from the principal freshwater source, the Somass River in Alberni Inlet. 
Indeed, surface salinity west of the Broken Group (see below) indicates this wate! 
probably came through the Broken Group from Imperial Eagle Channel, rather 
than from the region of Toquart Bay and Loudoun Channel. 
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Since the surface water appears to flow principally westerly, a counter-flow 
at some other depths would be expected from considerations of density flow. As 
the surface of fresh water with entrained sea water flows westward across the sound 
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Fic. 9. Surface phosphate concentrations in microgram atoms 
per litre and oxygen concentrations in milligrams per litre at 10 
stations in Barkley Sound on September 8, 1954. 


and seaward, a compensating flow of sea water must return at greater depths. In 
April, 1950, Doe (1952) observed a counter-flow close to Station 5 at a depth of 
3 fathoms, and a northeasterly flow at depths of 3, 4 and 10 fathoms near Station 
9. No current measurements at these depths were obtained in 1956 but it seems 
likely that the overall circulation system was similar to that observed by Doe. One 
check on this assumption is available from the 1956 data. Such a system of circula- 
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tion would be expected to produce upwelling along the southeast side of the sound. 
Upwelling usually results in a higher-than-average nutrient content where it occurs. 
Observations of the relative abundance of surface phosphate and oxygen were made 
on September 9, 1954, at synoptic Stations 2, 4, 8, 11, 14 and 24 (Fig. 5), at 
Tully’s (1949) Stations H, G, and E, which correspond fairly closely with Stations 
27, 29 and 31, and at Tully’s Station F, out in mid-channel from Station 30. 
Stations on the southeast side of the sound (24, E, F, G and H) and Station 11 
showed a high phosphate (2.1-—2.9 y»g-atoms/l.) and low oxygen (7.60-10.21 
mg/l.) content, while those on the northwest side showed the opposite trend 
(Fig. 9). The oxygen determination for Station 2 was extremely low, and was 
considered to be in error; the phosphate content was medium. Thus there would 
appear to be upwelling and greater productivity on the southeast side, supporting 
the circulation system proposed above. 


Assuming the circulation pattern was as outlined, how would it direct the 
movements of the young herring? It has been noted above that the juveniles tend 
to frequent the surface regions at dawn and dusk and probably during the night, 
but that during the day they are usually found in deeper waters. If they were pas- 
sively moving with the current, or following food organisms which were passively 
drifting, they would be moving towards the northwest side of the sound while in 
the surface waters at night and towards the southeast side while at greater depths 
during the day. Since the period of daylight is about twice as long as that of dark- 
ness during a 24-hour period in Barkley Sound at this time of year, and since 
currents at the surface are about twice the strength of those flowing in more or 
less the opposite direction 3 to 5 fathoms down, the net movement of these organ- 
isms during a 24-hour period should be approximately nil. This hypothesis assumes, 
however, that a large majority of the fish are in the surface water layer flowing 
toward the northwest side during darkness, and are below this layer in daylight. 
But the surface layer is so shallow that it is quite conceivable that the average fish 
(and food organism) does not spend all or even a very large proportion of the 
night in this layer. On the other hand, these organisms are not likely to leave the 
deeper waters and enter the surface layer to any extent during the day, as prevailing 
light conditions would make them extremely vulnerable to predation. Although 
schools of very young juveniles were observed near the surface during the day this 
phenomenon disappeared long before the change in distribution was accomplished. 
The net result of the organisms passively moving with the water masses they inhabit 
could thus be a gradual displacement of these organisms towards the southeast side 
of the sound and a general distribution similar to that shown by the juvenile herring. 


Under these circumstances the distribution of the herring and their zooplank- 
ton food would be similar. The relative abundance of these two groups or organ- 
isms was therefore compared. Weekly surveys of the amount of smaller zooplank- 
ton present during the summer at 34 stations throughout Barkley Sound (Fig. 5) 
were Carried out as part of the 1954 program. A Hardy small plankton sampler 
was towed at a depth of about 15 feet for a distance of approximately two miles 
through the water, resulting in the straining of about one cubic meter of water 
(Glover, 1953). A high speed plankton sampler was employed in order to permit 
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maximum sampling in a short period (2 days) and thus make the hauls as compar- 
able as possible on a time basis. Hauls were taken at a standard depth in order 
to permit comparisons between stations. No. 4 Dufour bolting silk was used (62 
meshes to the inch) in the sampler’s net in order to allow the smaller plankton 
forms, which are not fed upon by the herring, to escape. Also, because of its small 





Fic. 10. Average volume of zooplankton, in cubic centimeters per cubic meter, at each of 
the 34 synoptic stations in Barkley Sound during 1954. 


orifice, this sampler excludes many coelenterates, ctenophores and other large 
planktonic organisms which would not play any part in the diet of young herring. 
Volumetric analysis was carried out on board ship on the sample as a whole using 
Frolander’s (1954) plankton volume displacement indicator. Abundance of these 
zooplankters (Fig. 10) was below average near the main rearing grounds (on the 
southeast side) and highest in the western corner near the main spawning grounds. 
Thus, if the zooplankton were concentrated by the water currents on the southeast 
side of the sound their numbers must have been reduced by a higher rate of pre- 
dation from a level above that on the northwest side to a level below that on the 
northwest side. A reduction in zooplankton abundance of this order is quite pos- 
sible considering the abundance and concentration of the feeding juveniles. On the 
other hand, if the juveniles were merely following their food supply to the southeast 
side of the sound, why did they not disperse again towards the northwest side when 
food became relatively more abundant there? Also, there is a counter-current up 
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Alberni Inlet at mid-depths (Tully, 1949) but no major concentrations of either 
juveniles or zooplankton were located during the occasional general surveys made 
in this inlet. If the fish and/or their food supply were passively carried across the 
sound by the sub-surface counter current, it would be expected that once they reach 
the southeast side, they would be carried up Alberni Inlet by the counter current 
in this region. 

Thus it is possible that the juvenile herring and/or their zooplankton food 
supply spend a sufficiently large portion of their time at depths below 3 to 5 fathoms 
to be carried passively by currents at these depths towards rearing grounds on the 
southeast side of the sound. However, neither the juveniles nor the zooplankton 
appear to be transported up Alberni Inlet in appreciable numbers as would be 
anticipated if they were passively drifting at these depths. Instead, the young 
herring on the southeast side tend to move seaward as the summer progresses 
rather than up Alberni Inlet (Hourston, 1958). Thus, the case for passive move- 
ment as the direct cause of the change in distribution of the young herring does not 
appear to provide a reasonably satisfactory explanation for this change. 


THE CASE FOR MIGRATION BY DISPERSING AND THEN STAYING WHERE CONDITIONS 
ARE FAVOURABLE 


If the juvenile herring actively seek more favourable environmental conditions 
than those near the spawning grounds, or if they disperse from the spawning 
grounds and collect in the localities where the environment is most favourable, 
then one or more environmental conditions on the rearing grounds must differ from 
those elsewhere. Several aspects of the environment were examined for such 
differences. 


1. SALINITY 


Recent studies on adult herring in British Columbia have indicated a possible 
relationship between the presence of herring and the salinity of their environment 
(Hourston, 1953b). Preliminary investigations of a possible relationship between 
the distribution of juveniles and salinity were therefore carried out in 1952 and 
1953. This study was aimed at comparing the salinities in localities where herring 
were absent, present, and abundant. 

Statistical comparisons of the abundance of juvenile herring and the salinities 
at each of a series of depths were made between the above three categories using 
the “r’” test (Snedecor, 1946) with the following results: 


1952 ' 1953 











Depth $ Abundant _— Present. Abundant Present 
vs. Absent vs. Absent vs. Absent vs. Absent 
feet 
0 P ~ 0.70 P > 0.90 P ~ 0.50 P = 0.30 
10 P ~ 0.40 P ~ 0.35 gone — 
20 P > 0.90 P= o P ~ 0.40 P ~ 0.80 
40 P ~ 0.85 P > 0.90 P ~ 0.01 P ~ 0.12 


60 tai waa P< 0.01 P ~ 0.02 
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Very significant differences in salinity at a depth of 40 feet were found be- 
tween the samples taken where juveniles were abundant and those taken where 
juveniles were absent in 1953. The juveniles appeared to prefer the less saline 
water (31.2—31.5 parts per thousand). The comparison of present vs. absent was 
also significant at the 60-foot depth. However, no such differences were noted in the 
1952 samples, so it is doubtful if these differences have any biological significance. 
This is especially so since the juveniles tend to be found in the upper 50 feet of 
water. 

Observations were also classified by locality. Each locality surveyed was 
designated as a good or poor juvenile rearing ground, on the basis of observed 
juvenile abundance throughout the entire summer. Salinity samples from both 
types of grounds were then compared as above for significant differences, with the 
following results: 


Depth 1952 1953 
feet 
0 P = 0.15 P ~ 0.40 
10 P = 0.45 age 
20 P = 0.45 P ~ 0.70 
40 P ~ 0.70 P =~ 0.40 
60 P = 0.20 


No significant differences were found between categories in this grouping, 
thus casting further doubts on the differences found in the first grouping, to which 
it would be expected to show some relationship. Juveniles were not only present 
but abundant in a wide range of surface salinities, from the smallest observed 
(14.13 in Uchucklesit Inlet, 1952), to the largest (31.13 in Ucluelet Inlet, 1952). 
This situation obtained at all depths. 

However, localities where juveniles were consistently abundant tended to 
show a wider range in salinity with depth (e.g. 14.13 to 31.97 in Uchucklesit 
Inlet). Salinity ranges between the surface and 20 feet for the 1952 data (most 
samples were taken in less than 40 feet of water) and between the surface and 60 
feet for the 1953 data were therefore similarly tested, with the following results: 


Abundant Present Rearing grounds 





Year vs Absent vs Absent Good vs Poor 
1952 P > 0.35 P > 06 PS 7 
1953 P > 0.05 P > 01 P > 0.05 





Thus the abundance of juveniles was not significantly related to salinity gradients 
either. 

In 1954, emphasis was shifted to determining the general salinity picture for 
the sound in relation to the presence of juveniles. 

Surface salinity samples were taken at each station during the synoptic surveys 
(Fig. 5). Samples were taken from a bucket of sea water drawn up from about 
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two feet below the surface. Samples taken during the first survey were analyzed ) 
by hydrometer, but since the set was not complete and the results seemed remark- 
ably low, samples from the remainder of the surveys were analyzed by titration. 
Averages were determined for the last eight surveys (Fig. 11). 
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Fic. 11. Average surface salinities and temperatures at 34 stations 
in Barkley Sound during 1954. 





Relatively high salinities occurred at the mouth of the sound and around the 
Broken Group. Thus the major outflow and runoff occurred down either side 
of the sound (Loudoun Channel on the west and Imperial Eagle Channel and 
Trevor Channel on the east). 
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In localities where juveniles were consistently abundant, average salinities 
varied from 17.23%0 (Uchucklesit Inlet) to 29.39%. (Banfield Inlet), thus indicat- 
ing a wide tolerance range. However, the salinities in most of these regions run 
from 23 to 27%. Buchmann et al. (1953) found that young Atlantic herring 
(Clupea harengus) in the North Sea move after metamorphosis from the highly 
saline offshore waters to the more brackish waters off estuaries. Fujita and Kokubo 
(1927) found that Japanese herring fry survive best in 45 sea salinity, followed in 
order by 35, %, %, “%o and 5%; in the latter they lasted only a few hours. 
Surface salinities in the ocean off Barkley Sound are about 31%. (Waldichuk, 
unpublished data) and thus, if the same situation applies in Barkley Sound, the 
young herring would be expected to survive best in salinities of about 25%. This 
suggestion fits very well the observed abundance of juvenile herring in Barkley 
Sound and the average salinities where juveniles were captured during 1954, except 
for Uchucklesit Inlet, which contained a good population of juvenile herring, but 
had a relatively low salinity. However, the juvenile schools within the inlet tended 
to concentrate nearer to the mouth (and thus farther away from the fresh water 


inflow) than the synoptic station and were thus probably in more saline water than 
indicated. 


2. TEMPERATURE 


Temperature data were recorded in conjunction with water sampling for salinity 
data. Reversing thermometers were employed in 1952 and 1953, and the 1953 
temperatures were checked with simultaneous bathythermograph casts. All 1954 
data were taken by bathythermograph, with readings corrected to surface tempera- 
tures taken from bucket samples. Analysis was similar to that employed on the 


salinity data. Comparisons of temperatures where herring were abundant, present 
and absent are given below: 


\| 











1952, sn 
Abundant Present Abundant Present 
Depth vs. Absent vs. Absent vs. Absent vs. Absent 
feet 
0 P < 0.001 P< 0.01 P ~ 0.25 P ~ 0.20 
10 P < 0.02 P = 0.03 ae aon 
20 P ~ 0.10 P ~ 0.10 P ~0.40 P ~ 0.82 
40 P = 0.50 P =~ 0.50 P = 0.025 P ~ 0.40 
60 as ae P< 0.01 P = 0.60 








Very significant differences were found in surface temperatures in 1952 for 
both classifications. These differences were also significant at a depth of 10 feet. 
The juveniles seemed to prefer colder surface water. However, the 1953 data 
failed to support these indications. In 1953 a significant difference was found at 
a depth of 60 feet between localities where juveniles were abundant and where 
they were absent, the juveniles apparently preferring the warmer water. This 
difference was also significant at 40 feet. The 1952 data failed to substantiate this 


and these differences probably reflect non-random sampling rather than a preference 
on the part of the fish. 
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Comparisons of temperatures in good and poor rearing grounds showed  ) 
similar differences for the surface and 10-foot levels in 1952, but fail to indicate 
any significant differences at the 60- and 40-foot levels in 1953. These comparisons 
are given in the following tabulation: 


Depth 1952 1953 

feet ) 
0 P < 0.001 P =~ 0.55 

10 P < 0.02 ae 

20 P ~ 0.20 P ~ 0.50 

40 P ~ 0.90 P ~ 0.70 

60 hae P ~ 0.20 





All categories were also compared with respect to their temperature gradients ) 
between the surface and 20 feet for the 1952 data, and between the surface and 60 
feet for the 1953 data. The results were as follows: 





Abundant Present . Rearing ground 
Year vs Absent vs Absent Good vs Poor 
1952 r > @2 P > 0.1 P > 0.6 , 
1953 P >09 P > 04 P > 04 ' 





Thus no adequate indication was obtained that the abundance of juveniles was 
related to temperature gradients. 

As was the case for the salinity observations, the 1954 program shifted em- 
phasis to the general temperature picture for the sound. The bathythermograph 
used in the early part of the survey proved faulty both in the temperature and depth 
elements, and consequently the data from the first four surveys cannot be con- )} 
sidered very reliable. Average temperatures calculated for surveys 5 to 9 were 
therefore employed in preference to the averages for all surveys (Fig. 11 for the 
surface and Fig. 12 for depths of 10, 20, 40 and 60 feet). 

From the figures it is apparent that juveniles were abundant in localities of 
both high (Pipestem Inlet, 17.14°C), and low (Banfield Inlet, 13.88°) surface 
temperatures. Similar ranges of tolerance were shown at 10 feet (Pipestem Inlet, ) 
15.80° and Banfield Inlet, 12.36°), 20 feet (Ucluelet Inlet, 14.16° and Banfield 
Inlet, 11.70°), 40 feet (Ucluelet Inlet, 13.35° and Banfield Inlet, 11.00°) and 60 
feet (Useless Inlet, 12.66° and San Mateo Bay 10.86°). Generally however, the 
rearing grounds exhibited relatively high temperatures at the surface (15—17°) and 
10 feet (14-16°) and relatively low temperatures at 20 feet (12—13°), 40 feet 
(11-12°) and 60 feet (10.5-11.5°). Although the rearing grounds appeared to 
have a greater temperature gradient and a sharper thermocline than the other 
localities (i.e. greater stability), statistical analyses of the 1952 and 1953 data did 
not indicate this relationship was significant. 

Stability, as indicated by variation in temperature with depth, was also in- 
vestigated in very sheltered, slightly sheltered, and unsheltered localities in which 
juveniles were relatively abundant. Thermoclines when present, were generally 
between 5 and 20 feet. The thermocline tended to be at shallower depths in the 
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more sheltered water, and was generally present when fish were observed. Thermo- 
clines were present in some localities when no juveniles were found, but in most 
cases when no thermocline was observed no fish were present. Thus the presence 
of a shallow thermocline may be one prerequisite of a good juvenile herring rearing 
ground. This could concentrate the plankton and make it more accessible to the 
feeding juveniles. Zooplankton tended to be slightly more abundant at a depth of 
15 feet in the bays and inlets populated by juvenile herring than just outside the 
mouths of these localities. 


3. FooD SUPPLY 


As noted in the case for passive movement, volumetric analysis was carried 
out weekly during the summer on standard samples of the smaller zooplankton 
taken from a depth of 15 feet at each of 34 stations (Fig. 10). Relatively high 
concentrations of zooplankton were found in Loudoun and Thiepval Channels 
(Stations 8, 9 and 10) and, to a lesser extent in Ucluelet Inlet and Macoah Passage 
(Stations 1, 2 and 3). A relatively high local concentration was also found in 
Inner Vernon Bay (Station 18). Relatively low concentrations were found in 
Trevor Channel and Alberni Inlet and most of their adjoining bays (Stations 21, 
27, 29, 30, 31, 32, 33, 34). Abundance was also low in Outer Pipestem Inlet 
(Station 5), Swaile Rock (Station 13), Effingham Inlet (Stations 16 and 17) and 
Outer Vernon Bay (Station 19). Aside from a few local variations, zooplankton 
abundance was relatively high in the southwest corner of the sound, and relatively 
low along the southeast side and in the larger inlets. Generally speaking, this is 
the opposite trend to that indicated by juvenile abundance (Fig. 2). The only 
localities in which large populations of both zooplankton and juveniles were found 
were Ucluelet Inlet (Station 1), Inner Loudoun Channel (Station 8) and Inner 
Vernon Bay (Station 18). The concentrations of juveniles in Inner Loudoun 
Channel were sporadic and must be considered as transient fish. Since juveniles 
were relatively abundant in practically all inlets, the good showing in Ucluelet Inlet 
and Inner Vernon Bay could not be attributed to the relatively abundant food 
supply there. 

Thus it would not appear that the juveniles adopt their rearing grounds be- 
cause of the abundance of their food supply. In general zooplankton was less 
abundant on the rearing grounds than elsewhere. On the other hand, the ap- 
parently inverse relationship between zooplankton and juvenile abundance could 
be the effect of predation. Cushing (1956) suggests the lack of a direct relationship 
between zooplankton and phytoplankton abundance in English waters results 
largely from predation by herring on the zooplankton. Riley and Bumpus (1946) 
have established such a relationship for phytoplankton and their zooplankton 
predators. A similar situation may therefore apply to the zooplankton-herring 
relationship in Barkley Sound. 

For the sound as a whole, the average displacement volume of these smaller 
zooplankters was 0.29 cc/m*. Abundance was greatest in early September when the 
average for the sound was 0.35 cc/m*. These figures are low in comparison with 
zooplankton concentrations estimated for Puget Sound by Hebard (1956) which 
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give an annual average for the upper 57 meters of 0.32 cc/m* and a peak average in 
August for the upper 148 meters of 0.73 cc/m*. However, the maximum zoo- 
plankton concentration would certainly occur below 15 feet (LeBrasseur, 1954) 
so the Barkley Sound estimates should be lower than Hebard’s. In addition, co- 
elenterates, ctenophores or other large organisms were removed before the analysis, 
so that the volumes recorded were those for the smaller organisms only. 


A rough sorting of the samples (Table 1) indicated that the bulk of their vol- 
ume was made up of small Crustacea and Mollusca. The most abundant food organ- 
isms found were the zoea larva of the porcellaine crab Petrolesthes and small cope- 
pods. Since young herring in southern British Columbia waters tend to feed on a 
considerable variety of small organisms (Wailes, 1935), these samples are assumed 
to be a fair representation of the amount of food available to the juveniles. 


The relatively high productivity of the sound as a whole (Waldichuk, 1956) 
combined with the relatively low rate of loss of water to the open ocean (Doe, 
1952) should tend to make conditions in Barkley Sound on the whole very good 
for the rearing of juvenile herring. However, food supply may be limited for 
large year classes of juveniles (Hourston, MS, 1958). 


4. SHELTER 


After schools had formed early in July, the juveniles were found mainly in 
inlets and bays and in channels between islands. In most of these places the water 
was relatively shallow (less than 10 fathoms) and in some (e.g. Ucluelet Inlet) it 
was extremely shallow (less than three fathoms). One factor these localities had in 
common was some degree of shelter from prevailing winds and currents. The 
surface was usually considerably calmer than in more exposed localities. In more 
open situations fish were observed sporadically, but almost invariably in calm 
weather. Although visual observations were difficult, if not impossible, when the 
sea was relatively rough, the echo-sounder failed to show appreciable numbers of 
fish under these conditions. Even in the sheltered localities the juveniles were 
usually absent from those portions more disturbed by wind or current. A very 
striking illustration of this behaviour was encountered in a survey of Burgoyne Bay 
on the lower east coast of Vancouver Island in 1955 (Hourston, 1956). There 
were several patches of ruffled surfaces within the bay at the time of survey, and 
although there were large quantities of juveniles in the bay (the estimated popula- 
tion was 4 million) showing at the surface and on the sounder, the fish abruptly 
ceased to show, either at the surface or on the sounder, upon entering these rough 
patches. This phenomenon was observed on every one of 10 such runs. Observa- 
tions in other localities showed similar phenomena, but less strikingly. 


Within the bays and inlets the fish tended to concentrate near shore, espec- 
ially around docks, log booms, kelp patches and rock piles, presumably because 
of the shelter these objects provided. As the summer progressed and they grew 
larger and formed larger schools, the fish tended to move farther offshore, finally 
moving seaward to desert the bays and inlets from mid-September to late October. 
Even on the seaward migration they tended to hug the shoreline. 
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It would therefore appear that during their first summer the juveniles con- 
centrate in bays and inlets and the more sheltered sides of islands (especially in 
“back-eddies”), where the surface is less disturbed by winds, the currents are 
relatively weak, and the water relatively shallow. This preference for quiescent 
conditions could be associated with feeding conditions but is not necessarily so. 
Young salmon seek such conditions during migration to the sea, apparently for the 
shelter they offer (F. Neave, personal communication). The fact that there are} 
more localities satisfying these conditions on the southeast side of the sound than 

on the northwest side may account for the greater concentration of juveniles along 

the southeast shore. 


SUMMARY 


During the early juvenile stage, the herring in Barkley Sound move from the 
spawning grounds, mainly on the northwest side of the sound, to rearing grounds, 
mainly on the southeast side, where they remain for the summer. This change in 
distribution could result from (1) passive transport of the fish across the sound by 
prevailing currents (or, indirectly, from passive transport of the zooplankton in 
this manner with the juvenile herring following their food supply), or (2) active } 
dispersal or migration of the young herring from the spawning grounds followed 
by a concentration in the more desirable rearing grounds. 

It can be reasonably postulated that the juveniles (or the zooplankton) spend 
a sufficient portion of their time below the surface layer (down to 3 to 5 fathoms) 
to be carried by prevailing deep currents to the southeast side of the sound. How- 
ever, the currents at these depths would tend to continue to carry them up Alberni 
Inlet. No such movement was indicated by the surveys; on the contrary, the con- 
centrations of juveniles moved slowly but progressively seaward as the summer } 
progressed. Also, if the herring were following their food supply, they effectively | 
reduced it, by predation to a level below that on the northwest side and then 
failed to take advantage of the relative surplus of food that resulted on the north- 
west side. Thus an hypothesis of the mechanism of movement based on passive 
drifting on the part of either the juveniles or their food supply cannot be adequately 
substantiated. 

If the juvenile herring dispersed from the hatching areas and then gradually 
concentrated in the rearing areas, or if they actively sought out the rearing areas, 
these areas should have some factor or combination of factors in common that 
make them more desirable to the juveniles. Most aspects of the environment 
investigated failed to show any consistent correlation with the abundance of the 
juveniles. Most habitats consistently favoured by juvenile herring had salinities 
less than 28%. but some schools did concentrate in areas of higher salients. Juvenile 
habitats almost always had shallow thermoclines but such thermoclines were fre- 
quent elsewhere. Neither the presence nor the abundance of juveniles was correlated 
with the salinity or temperature at the depths at which they occur, nor with the depth 
gradient in these two factors. Habitats frequented by juvenile herring contained 
lower concentration of the smaller zooplankters on which these fish feed than most 
other localities in the sound but this difference in the abundance of the food supply 
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could result mainly from predation by the herring. Thus any effect these three 
aspects of the environment may have had on the distribution of juvenile herring 
within the sound is obscure and probably secondary. 

By elimination, the only one of the factors examined which could account 
for the observed distribution of juvenile herring is the physically more stable en- 
vironment found in the sheltered inshore waters of the habitats they favoured. 
Juvenile herring were consistently present only in the shallow, sheltered waters of 
bays, inlets and smaller channels where protection from extreme effects of the 
elements was available. The circumstances that such situations are more numerous 
on the southeast side of the sound than on the northwest side, along with the fact 
that more good spawning grounds are found on the northwest side, could provide 
the impetus for the change in distribution. Juvenile herring are known to wander 
a great deal and this, combined with the fact that this change in distribution is 
accomplished over several weeks, indicates that the mechanism is probably dispersal 
from the spawning grounds followed by gradual concentration in the rearing areas 
rather than a direct, motivated migration. 


ACKNOWLEDGMENTS 


The suggestions and encouragement provided by Dr C. L. Hubbs of Scripps 
Institution of Oceanography during the preparation of this report are gratefully 
acknowledged. Drs R. S. Arthur and M. W. Johnson of the same institution, 
Dr M. B. Schaefer of the Inter-American Tropical Tuna Commission and Drs M. 
Waldichuk, W. E. Johnson, J. C. Stevenson and F. H. C. Taylor of the Biological 
Station, Nanaimo, B.C., critically read various drafts and made many helpful sugges- 
tions. Dr Waldichuk also carried out the phosphate and oxygen analysis. Dr J. P. 
Tully of the Pacific Oceanographic Group contributed to the planning of the field 
operations and provided some of the equipment. This study was part of the re- 
search program on Pacific herring carried out at the Biological Station, Nanaimo, 
B.C., by the Fisheries Research Board of Canada under the directorship of 
Dr A. W. H. Needler and his predecessor Dr J. L. Hart. 


REFERENCES 


BUCHMANN, A., W. HARDER AND G. HEMPEL. 1953. Unsere Beobachtungen am Hering 
(Clupea harengus L.). Kurze Mitteilungen aus der fischereibiologischen Abteilung des 
Max-Planck-Jnstituts fiir Meeresbiologie in Wilhelmshaven, 3: 22-42. 

CusHinc, D. H. 1956. Phytoplankton and the herring. Part V. U.K. Ministry Agric., Fish. 
and Food, Fish. Investig., Ser. 11, 20(4), 19 pp. 

Dog, L. A. E. 1952. Currents and net transport in Loudoun Channel, April, 1950. J. Fish. 
Res. Bd. Canada, 9(1): 42-64. 

FROLANDER, H. F. 1954. Plankton volume displacement indicator. Univ. of Washington, 
Dept. of Oceanogr., Tech. Rept. No. 25: 13 pp. 

Fusita, T., AND S. Kokuso. 1927. Studies on herring. Bull. School Fish., Hokkaido Im- 
perial Univ., 1(1). 

GLover, R. S. 1953. The Hardy plankton indicator and sampler: a description of the 
various models in use. Bull. Mar. Ecol., 4(26): 7-20. 

HEBARD, J. F. MS, 1956. The seasonal variation of zooplankton in Puget Sound. M.Sc. 
thesis, Univ. of Washington, 64 pp. 












308 JOURNAL FISHERIES RESEARCH BOARD OF CANADA, VOL. 16, NO. 3, 1959 





Hourston, A. S. 1953a. Estimation of herring population size by means of echo-sounder 
tracings, and its application to herring research. Fish. Res. Bd. Canada Biol. Sta., 
Nanaimo, Circ. No. 26, 76 pp. (Multilithed.) 

1953b. The relationship of herring in inshore waters to the temperature and salinity 
of their environment. Fish. Res. Bd. Canada, Pac. Prog. Rept., No. 96, p. 15. 

1957. Relative abundance of juvenile herring in the Strait of Georgia in 1955 and 
1956. Ibid., No. 109, pp. 12-13. 

1958a. Population studies on juvenile herring in Barkley Sound, British Columbia. 
J. Fish Res. Bd. Canada, 15(5): 909-960. 

MS, 1958b. Plankton production in Barkley Sound in 1954, from approximations of 
the standing crop of zooplankton and the increase in biomass of its predators. Fish. Res. 
Bd. Canada, Ms. Rept. Biol. Sta., No. 645, 8 pp. (Multilithed.) 

LEBRASSEUR, R. J. MS,1954. The physical oceanographic factors governing the plankton 
distribution in the British Columbia inlets. M.A. thesis, Univ. of British Columbia, 52 pp. 

Ritey, G. A., aNd D. F. Bumpus. 1946. Phytoplankton-zooplankton relationships on 
George’s Bank. J. Mar. Res., 6(1): 33-47. 

SNEDECOR, G. W. 1947. Statistical methods, 4th edition. The Iowa State College Press. 
485 pp. 

STEVENSON, J. C. MS,1955. Distribution and survival of herring larvae (Clupea pallasi 
Valenciennes) in British Columbia waters. Ph.D. thesis, Univ. of Toronto, 161 pp. 
STEVENSON, J. C., A. S. Hourston, K. J. JacKsoN AND D. N. OutraM. 1952. Results of 
the west coast of Vancouver Island herring investigation, 1951-52. Rept. British Columbia 

Fish. Dept. for 1951, pp. 57-87. 

STEVENSON, J. C., A. S. HoursSTON AND J. A. LANIGAN. 1951. Results of the west coast of 
Vancouver Island herring investigations, 1950-51. Rept. British Columbia Fish. Dept. 
for 1950, pp. 51-84. 

STEVENSON, J. C., AND D. N. Outram. 1953. Results of investigation of the herring popu- 
lations on the west coast and lower east coast of Vancouver Island in 1952-53, with an 
analysis of fluctuations in population abundance since 1946-47. Rept. British Columbia 
Fish. Dept. for 1952, pp. 57-84. 

SverpRuP, H. U., M. W. JoHNSON AND R. H. FLEMING. 1949. The oceans—their physics, 
chemistry and general biology. Prentice-Hall, Inc., New York, 1,087 pp. 

TayLor, F. H. C., anp D. N. OurraM. 1954. Results of investigation of herring popula- 
tions on the west coast and lower east coast of Vancouver Island in 1953-54. Rept. 
British Columbia Fish. Dept. for 1953, pp. 52-82. 

TuLty, J. P. 1949. Oceanography and prediction of pulp mill pollution in Alberni Inlet. 
Bull. Fish. Res. Bd. Canada, No. 83, 169 pp. 

Waites, G. H. 1935. Food of Clupea pallasi in southern British Columbia waters. J. Biol. 
Bd. Canada, 1(6): 477-486. 

WaLpicHuk, M. 1956. Basic productivity of Trevor Channel and Alberni Inlet from chemi- 

cal measurments. J. Fis’. Res. Bd. Canada, 13(1): 7-20. 





of 
ia 


of 
pt. 


u- 
an 
bia 


la- 
pt. 


let. 


iol. 





The Relationship of the Juvenile Herring Stocks in Barkley 
Sound to the Major Adult Herring Populations 
in British Columbia” * 


By ALAN S. HourRSsTON 


Fisheries Research Board of Canada 
Biological Station, Nanaimo, B.C. 


ABSTRACT 


During the summers of 1951-53, small body-cavity tags were inserted in 55,547 juvenile 
(1-year) herring on the lower west coast of Vancouver Island. Fifty of these tags were 
recoved from the catches of adult fish between 1953-54 and 1956-57. These recoveries indi- 
cated homing by sub-district (the region occupied by an adult population) to be 52% after 
two years at large, and 64% after three years. Comparable data for herring tagged as adults 
showed 82% and 81% homing respectively. The greater tendency for the immature fish to mix 
with other adult populations may result from the fact that these fish join adult schools when 
the latter are considerably dispersed and intermixed on the offshore feeding grounds. Thus, 
population studies linking the juvenile and adult stages may require the use of a larger basic 
unit of area than that encompassing the distribution of the adult population. The dimensions 


of this unit will depend on the local potential for intermixing of adult populations at the time 
of recruitment. 


INTRODUCTION 


ON THE BASIS of average differences in meristic characters and on the returns of 
fish tagged from the spawning stocks, it has been shown that the British Columbia 
herring resource consists of a limited number of more or less discrete populations 
(Thompson, 1917; Tester, 1937 and 1949; McHugh, 1954; Stevenson, MS, a). 
In addition, there are numerous small resident or local stocks which make up about 
5% of the total stock. There are 10 major migratory populations and these show 
intermingling of about 25% on the average (Stevenson, MS, a), greatest inter- 
mingling occurring between populations whose spawning grounds, and presumably 
feeding grounds, are separated by the shortest distances. 

For general fishery administrative purposes, the British Columbia coast has 
been divided into 3 Districts (and sub-divided into 29 Areas within these districts). 
Regions occupied by major herring populations have been designated as sub- 
districts (see Taylor et al., 1957). These populations consist of sub-populations 
which intermingle to a greater extent than do the major populations. 

The Barkley Sound herring stocks make up the major sub-population (about 
80% ) of the herring population in the lower west coast of Vancouver Island sub- 
district. This population spawns in coastal waters between Pachena Point and 
Esteban Point (Areas 23 and 24). The summer feeding grounds are believed to 
be located in open water near the entrance to the Strait of Juan de Fuca (Stevenson, 
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MS, a). Tagging studies (Stevenson, MS, a) have shown that of the herring tagged 
on spawning grounds in this sub-district, 83% of the survivors return in the follow- 
ing year to spawning grounds in the same sub-district. Of the remainder, about 
11% join the adjacent population along the upper west coast of Vancouver Island 
(a population of comparable size in Areas 25 and 26 whose summer feeding 
grounds are believed to be located off Nootka Sound and Esperanza Inlet) and 
6% join the population belonging to the lower east coast of Vancouver Island 
(a larger population in Areas 17A, 17B, 18 and 19 which migrates through the 
Strait of Juan de Fuca to feeding grounds believed to be southwest of the entrance 
to the strait). 

Studies of the population dynamics of herring in the juvenile stage were con- 
ducted in Barkley Sound from 1951 through 1954 (Hourston, 1958). Before the 
results of these studies can be applied with any confidence to the general picture, 
the relationship of juvenile stocks to the adult herring populations in this area 
must be established. In other words, to what extent are the spawning stocks in 
Barkley Sound recruited from the juvenile stocks reared there? In an effort to 
answer this question, tagging was conducted on juveniles immediately prior to their 
disappearance from inshore waters in the autumn months. Recoveries of tags were 
obtained from reduction plant magnets searching the catch of commercial-sized 
fish in later years. 
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TAGGING 


TECHNIQUE 


Juvenile herring larger than 70 mm in standard length were tagged with small 
body-cavity tags of nickel-plated iron with dimensions 13 X 3 X 0.5 mm. The tags 
were stamped in lots of about 500, with a series of four capital letters in different 
series for each lot. One to seven complete lots were inserted at each tagging, and 
the lot identification mark for each set inserted was recorded along with the date 
and place of tagging. Fish were captured by purse seine when near the surface at 
dawn or dusk. The seine employed was 37 fathoms long by 6 fathoms deep (68 
by 11 metres) and was made of }-inch “cutched” netting, hung-in 20%. This size 
proved minimum for the capture of juveniles at this stage, and “cutching” the 
cotton was found to cause less abrasion to the fish than the use of other net pre- 
servatives of comparable effectiveness. 

Methods of handling the juveniles and the equipment used therein were similar 
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to those employed in marking juvenile herring and are illustrated elsewhere 
(Hourston, 1958). The captured fish were transferred into 5-foot deep live-pounds 
of half-inch tarred netting hung from a 3 X 4-foot frame of 4 X 4-inch lumber 
which floated on the surface. The bottom was held rigid by a similar-sized frame 
of half-inch metal pipe. Ropes attached to the four corners of the metal frame and 
drawn up through the corners of the wooden frame enabled the “drying up” of 
the pound to a shallower depth as the number of fish in the pound was reduced. 
During the tagging operation, groups of about 100 fish were transferred by dip 
net from the pound into a “tray” of half-inch cuprinoled netting joining 2 one-inch 
square “sticks” just over 4 feet long. These were set just inside one side of the 
pound and rested on the 4 X 4’s forming either end of the pound’s frame. By 
rolling the netting on to either stick, the desired depth of the tray could be obtained. 
The side of the pound with the tray along it was lashed to the side of the rowboat. 
One to three taggers sat in the rowboat facing lengthwise to the pound so that the 
tray was on their left side. A quick scoop of the left hand into the tray captured 
a fish in the palm of the hand. 

The method of insertion was adapted from that used in tagging adult herring 
(Hart and Tester, 1934; Tester and Stevenson, 1947). The fish was held left side 


TABLE I. Summary of tags inserted in juvenile herring. 


Number of tags 





Total 


Locality 1951 1952 1953 
Barkley Sound (Area 23) 

Banfield Inlet 1,400 4,198 2,091 7,689 

Ecoole Cannery Bee 2,064 er 2,064 

Effingham Island ‘igi 2,056 re 2,056 

Pipestem Inlet Jig eta 6,248 6,248 

San Mateo Bay at 6,017 3,147 9,164 

Sarita Bay dota 5,157 5,157 

Tzartus Island 4,164 ae piaha 4,164 

Uchucklesit Inlet 5,809 3,986 1,538 11,333 

Ucluelet Inlet ae 2,017 ae 2,017 
Total 11,373 20,338 18,181 49,892 
Clayoquot Sound (Area 24) 

Dixon Bay er 4,639 ee 4,639 

Steamer Cove _— 1,016 ea 1,016 
Total 5,655 5,655 
Nootka Sound (Area (25) 

Nootka Cannery 1,940 Soni 1,940 
Nanaimo Region (Area 17A) 

Departure Bay 8,437 8,437 
GRAND TOTAL 11,373 27,933 


26,618 65,924 
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TABLE II. Recoveries of tags inserted in juvenile herring in the lower west coast sub-district 
during 1951, 1952 and 1953. Place of recovery is sometimes in doubt because of mixing of 
herring catches at the plant. Probable localities of recapture are given in Roman type. 
Localities in italic type are possible, but are considered unlikely either because few fish 
were handled from that place on the day in question or, less often, because the place is remote 
from the point of tagging. Names of plants are coded as in Table V. The “adjusted number” 
associated with each recovery is a figure adjusted for plant efficiency in recovering tags and 
for the proportion of the catch searched for tags. 


Insertion Recovery 


Years 


at Adjusted 
large Year Place Season Place Area Plant number 


LOWER WEST Coast SUB-DISTRICT 
1952 San Mateo Bay 1953-54 Effingham Inlet 23 NS 
1952 Dixon Bay 1953-54 Sidney Inlet 24 GG 
Smith Inlet 10 
1952 Dixon Bay 1953-54 Sidney Inlet 24 
Uchucklesit Inlet 23 
1951 Banfield Inlet 1953-54 Effingham Inlet 23 
1952 Uchucklesit Inlet 1954-55 Barkley Sound 23 
1952 Banfield Inlet 1954-55 Uchucklesit Inlet 23 
1952 Banfield Inlet 1954-55 Barkley Sound 23 
1952 San Mateo Bay 1954-55 Barkley Sound 23 
Deepwater Bay 13 
1952 San Mateo Bay 1954-55 Barkley Sound 23 
1952 Uchucklesit Inlet 1954-55 Barkley Sound 23 
Nugent Sound 11 
1952 Uchucklesit Inlet 1954-55 Uchucklesit Inlet 23 
Deepwater Bay 13 
Banfield Inlet 1954-55 Barkley Sound 23 
Dixon Bay 1954-55 Uchucklesit Inlet 23 
Dixon Bay 1954-55 Barkley Sound 23 
Quatsino Sound 27 
Banfield Inlet 1955-56 Barkley Sound 23 
Swanson Channel 18 
Banfield Inlet 1955-56 Barkley Sound 23 
San Mateo Bay 1955-56 Effingham Inlet 23 
Swanson Channel 18 
Banfield Inlet 1955-56 Barkley Sound 23 
Swanson Channel 18 
San Mateo Bay 1955-56 Barkley Sound 23 
Swanson Channel 18 
. Nanoose Bay 17A 
Uchucklesit Inlet 1955-56 Effingham Inlet 23 
Barkley Sound 23 
San Mateo Bay 1955-56 Barkley Sound 23 
Swanson Channel 18 
Steamer Cove 1955-56 Clayoquot Sound 24 
Ououkinsh Inlet 26 
Dixon Bay 1955-56 Tofino Inlet 24 
Dixon Bay 1955-56 Barkley Sound 23 
Raymond Channel 7 
Deep Bay 14 
Swanson Channel 18 
1952 Dixon Bay 1955-56 Barkley Sound 23 
Deep Bay 14 
Swanson Channel 18 
3 1952 San Mateo Bay 1955-56 Effingham Inlet 23 
Barkley Sound 23 
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TABLE II: continued 
Insertion ; a ~ Recovery 
Years — —— —— ~ —— —— 
at Adjusted 
large Year Place Season Place Area Plant number 
Lower East Coast SuB-DISTRICT 
2 1952 Uchucklesit Inlet 1954-55 Swanson Channel 18 GG id 
2 1952 Uchucklesit Inlet 1954-55 Swanson Channel 18 GG 1.4 
2 1952 San Mateo Bay 1954-55 Swanson Channel 18 NS 2.0 
2 1952 Banfield Inlet 1954-55 Swanson Channel 18 I 2.0 
Nanoose Bay I7A 
2 1952 Banfield Inlet 1954-55 Swanson Channel 18 Cc 1.1 
2 1952 San Mateo Bay 1954-55 Swanson Channel 18 NS 2) 
2 1952 San Mateo Bay 1954-55 Swanson Channel 18 I 2.0 
Nanoose Bay I17A 
2 1952 San Mateo Bay 1954-55 Swanson Channel 18 I 2.0 
3 1952 Uchucklesit Inlet 1955-56 Swanson Channel 18 GG 1.4 
Satellite Channel 18 
Raymond Channel 7 
Barkley Sound 23 
3 1952 San Mateo Bay 1955-56 Satellite Channel 18 I 2.0 
Porlier Passage 17B 
3 1952 San Mateo Bay 1955-56 Swanson Channel 18 GG 1.4 
Trincomalia Channel 17B 
Porlier Passage 17B 
3 1952 San Mateo Bay 1955-56 Swanson Channel 18 N LG 
Barkley Sound 23 
3 1952 Ucluelet Inlet 1955-56 Swanson Channel 18 PA 1.8 
Deepwater Bay 13 
4 1952 San Mateo Bay 1956-57 Walker Rock 7B. C 3.6 
OTHER SUB-DISTRICTS 
2 1951 Uchucklesit Inlet 1953-54 Myers Passage 6 PE 1.7 
2 1952 San Mateo Bay 1954-55 Deepwater Bay 13 I 1.4 
2 1952 Effingham Island 1954-55 Quatsino Sound 27 P 1.4 
3 1952 Dixon Bay 1955-56 Burnaby Passage 2B(E) B 1.3 
Thompson Bay 7 
SUB-DISTRICT OF RECOVERY UNCERTAIN 
2 1952 Banfield Inlet 1954-55 Barkley Sound 23 PA 
Quatsino Sound 27 
2 1952 Ecoole Cannery 1954-55 ? NS 
3 1952 San Mateo Bay 1955-56 Barkley Sound aa S 
Swanson Channel 18 
Porlier Passage 17B 
Nanoose Bay 17A 
3 1952 San Mateo Bay 1955-56 Swanson Channel 18 I 
Porlier Passage 17B 
Effingham Inlet 23 
Barkley Sound 23 
3 1952 Dixon Bay 1955-56 Swanson Channel 18 GG 
Barkley Sound 23 
Porlier Passage 17B 
3 1952 San Mateo Bay 1955-56 Barkley Sound 23 c 
Swanson Channel 18 
Porlier Passage 17B 


Nanoose Bay 





I7A 
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up across the palm of the hand with its head toward the tagger. (Tags were always 
inserted on the left side for convenience in searching for recoveries and inspecting 
for extent of healing of scars in any tagged fish returned undamaged.) Using half 
a pair of small scissors with the tip ground off to form a blade about 3 mm across, a 
vertical slit about 5 mm long was cut in the body wall through the second or third 
somite anterior to the insertion of the pelvic fins. The tag was then inserted through 
this slit and pushed forward toward the head into the body cavity with the tip of the 
tagging knife (Tester and Stevenson, 1947). The fish was then quickly returned 
to the water. The whole operation generally took less than 10 seconds. Fish that 
bled noticeably following the cut, or gave an appreciable jerk at the time the 
incision was made, were discarded. 


INSERTIONS 


Of the 65,924 tags inserted in juvenile herring during this study, 49,892 were 
inserted in Barkley Sound over a 3-year period (Table I). Small taggings were 
carried out in Clayoquot Sound in 1952 to extend coverage to the entire lower 
west coast sub-district and in the neighbouring upper west coast and lower east 
coast sub-districts in 1952 and 1953, respectively with a view to assessing immigra- 
tion into the lower west coast sub-district. 

In this paper, “age” refers to year of life nearing completion; e.g., a fish of 
“age III” is taken in the autumn or winter before its third “birthday”. 


TAG RECOVERY 


TECHNIQUE 


Recoveries of the metal body cavity tags inserted in the juveniles were made at 
various reduction plants where the catches are processed to meal and oil. After 
the fish are ground up, cooked and dried, the meal passes over a magnet which 
removes any metal objects, including tags, from the meal. 


RECOVERIES 


Five tags were recovered in the 1953-54 fishery, 22 in the 1954-55 fishery. 
22 in the 1955-56 fishery and one in the 1956-57 fishery (Table II). The small 
number of recoveries is attributed mainly to a high tagging mortality. 


Attempts were made to assess tagging mortality by experimental means. Six 
experiments conducted in various live tanks and pounds failed to yield a single 
survivor from 390 fish (mortality in the untagged “controls” varied from 8% to 
51%). An approximate estimate of tagging mortality was, however, obtained by 
applying previously-estimated survival rates to adjusted tag returns and considering 
residual mortality to result from tagging (i.e., the whole tagging programme was 
treated as a mortality experiment). The procedure was as follows. Instantaneous 
natural mortality rates (q) have been estimated for this population at 0.20, 0.29. 
0.39 and 0.48 for ages I-II, II-III, I1I-[V and IV—V, respectively (Hourston, 
1958). The instantaneous fishing mortality rate (p) is estimated as 0.77 for ages 
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III-IV and IV—V (from m = 0.54, Stevenson, MS, b). The resulting total in- 
stantaneous mortality rates (i= p+ q) give survival rates of s = 0.82, 0.61, 
0.19 and 0.055 for ages I-II, I-III, I-IV and I-V (Ricker, 1948, appendix). 
Applying these survival rates to the adjusted returns (Table VII) of tagged fish, 
survivals from the 1951, 1952 and 1953 taggings were calculated as 0.04, 0.89 
and 0.02%, respectively (Table II1). On this basis, there were not enough fish 
used in the tagging mortality experiments to make it likely that even one fish would 
survive the tagging mortality—which is the result actually observed. 

Because of the mixed catches processed in some plants, six of the tags re- 
covered could not be assigned with reasonable degree of certainty to any area, or 


TaBLE III. Recoveries of tagged juvenile herring at each age, adjusted back to time of tag- 

ging on the basis of average fishing and natural mortality subsequent to tagging, to show 

probable survival of the tagging operation. The unadjusted recoveries employed as a basis for 

their determination include those whose place of recovery is unknown, as well as those for 

which it is known, and are given in parentheses. (Adjustments are based on 69% efficiency in 

plant recovery of tags, 5% of the catch not searched for tags, and survival rates of 0.82, 0.61, 
0.19 and 0.055 for ages I-II, I-III, I-IV and I-V ee ) 








Recoveries 











” Probable 
Year- Number hn laa tata reesneeninareasiontnn survival 
class tagged II Ill IV Vv Total of tagging 
no. no. no. no. no. % 
1951 12,373 5 S 0.04 
(2) (2) 
1952 27,933 6 55 160 28 249 0.89 
(3) (22) (20) (1) (46) 
1953 26,618 5 5 0.02 
rot (2) ‘ (2) 


even sub-district: these recoveries were omitted from the analysis. However, in 
most cases, the preponderance of fish from one area, or the timing of deliveries 
from different areas, permitted probable assignments. 

The relative numbers of “certain” recoveries (i.e. sub-district of capture 
definitely known) and “probable” recoveries (i.e. tags recovered from plants pro- 
cessing mixed loads which were assigned, on the basis of the weight of the evidence, 
to a given sub-district) varied according to sub-district of recovery (Table IV). 

















TaBLe IV. “Certain” and “probable” recoveries of tags inserted in the lower west coast sub- 
district, classified according to sub-district of recovery. 
ee ‘ ~ Sub-district of recovery : - 
Queen 
Type of Lower Upper Lower Middle Char- 
recovery west west east east lotte 
coast coast coast coast Northern Islands All 
Probable 26 1 14 1 1 1 44 
Certain 13 1 11 1 1 0 27 
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The lower proportion of certain recoveries from the lower west coast sub-district 
may be traced to the fact that a larger portion of the catch from the area was pro- 
cessed in mixed loads than the catches from other sub-districts. Thus comparisons 
of percentage recovery by sub-district would be biased against the lower west coast 
sub-district if based on certain recoveries only. Consequently, probable recoveries 
were employed in the analysis. 


INTERPRETATION OF RECOVERIES 


Herring reduction plants differ in their efficiency in recovering tags. Also, a 
small portion of the catch is not searched for tags. Since these two sources of 
error are apt to apply disproportionately to different fisheries, they must be ac- 
counted for in any comparison at numbers of recoveries. 

Losses due to failure of magnets to recover all the tags which enter the plants 
were assessed by putting a series of “test” tags in fish as they entered the plant and 
recording the percentage of these recovered at the magnets. The efficiency of plant 
magnets in recovering juvenile tags was tested in this manner during the 1953-54, 
1954-55, 1955-56 and 1956-57 fishing seasons. (No tests were carried out in 


Tasce V. Summary of percentage efficiency of herring reduction plants in recovering test 
tags. Data are given only for plants and years in which tag recoveries were made. 


1953-54 1954-55 1955-56 1956-57 
Effi- Effi- Effi- Effi- Av. 
Plant Tests ciency Tests ciency Tests ciency Tests ciency Efficiency 


no. % no. no. % no. % 


Butedale (B) bale a 53 ve 80 pate ie 
Colonial (C) 3 57 60 1 30 
Gulf of Georgia (GG) 90 80 Sais ae 
Imperial (1) ite Pais ; 53 

Namu (N) 7 oe aa bite 65 
North Shore (NS) 

Phoenix (P) 

Port Albion (PA) 

Port Edward (PE) 


All 


rywwh. 


‘85 
60 


> mW. 








“Calculated from 1953-54 efficiency in recovering adult tags, and the relative efficiency 
of recovering juvenile and adult tags in 1955-56. 


1952-53 because of the relatively small fishery resulting from failure of the fisher- 
men and the companies to reach an agreement on prices.) Most tests were run 
simultaneously with similar tests for the larger tags (19.4 X 4.4 * 1.6 mm) used 
on adult herring in order to provide a basis for interpretation of juvenile tag re- 
coveries from adult tag recovery efficiency tests in plants where no tests were made 
with juvenile tags. Results for plants from which tags were recovered are given 
in Table V. 

Efficiency in recovering juvenile tags was extremely variable between plants 
(30-100% ) and even within the same plant (40-92% ). Differences in percent- 
age recovery stem from (1) differences in the mechanical structure of the plant 
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machinery, (2) differences in conscientiousness of plant crews and the pressure of 
their regular work, (3) the state of cleanliness of the machinery, and (4) the con- 
dition of the fish being processed. Because of the differences in plant efficiency, 
the average efficiency employed in correcting the number of recoveries may not 
represent conditions in the plant at the time the recoveries were made. However, 
the task of running frequent, regular tests in the plants was beyond the scope of 
this study. Adjustments were, therefore, applied for average differences between 
plants only. This should at least allow for continuous average differences in plant 
efficiency. 

As compared with the larger “adult” tags run through at the same time, there 
was less time lag in the recovery of juvenile tags and the percentage recovery was 
about 10% less. The lower percentage recovery of juvenile tags may be due to a 
low return of those juvenile tags delayed in reaching the magnets. There is a 
greater chance for such tags to be permanently lost than for the larger adult tags. 
As the juvenile tags are lighter in weight than the adult tags they could be blown 
more readily through the driers, and hence the time lag in their recovery would be 
shorter. Also, they would have less of a tendency to drop through the meal and 
get lost in cracks and crevices. Another factor reducing overall recovery is the 
possibility that juvenile tags which reach the magnet would be more easily dis- 
lodged than the heavier adult tags. 

A further adjustment is necessary to account for that portion of the catch 
which was not searched by magnets. Included in this category were landings not 
reduced to meal and oil, landings processed by plants which had no magnets or 
whose magnets were not operating at the time some loads were processed, and 
landings processed by plants for which no magnet efficiency tests had been made. 
Although this unsearched portion of the catch was relatively small, it varied ap- 
preciably from area to area. In order not to bias the results, adjustment factors 
were applied (Table VI). 


TaBLE VI. Tag return adjustment factors for the proportion of the catch searched by 
plant magnets. 
Statistical Area 








Year 2B(E) 6 13. «178 18 23. 424 + 27 +~«© Average 
1953-1954 = . —_ te a.) 
1954-1955 eh ie a hk. 2a cee 030 Bl 
1955-1956 1.00 oe . = 108——i«i208s—«i00s—«éi+200 «102 
1956-1957 a oe 1.08 oe oa ~ 
All 100 1.00 1.00 108 110 102 102 °& 1.30 


1.06 





RELATIVE HOMING OF JUVENILE AND ADULT HERRING STOCKS 
IN BARKLEY SOUND 


Recoveries of juvenile herring tags were adjusted for plant magnet efficiency 
and proportion of the catch searched by magnets and were tabulated by sub- 
district of recovery, number of years at large and year of tagging (Table VII). 
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TaBLe VII. Recoveries (adjusted for plant magnet efficiency and proportion of the catch 
searched by plant magnets) of tags inserted in juvenile herring in the lower west coast sub- 
district during 1951, 1952 and 1953. The actual numbers of recoveries are given in paren- 

theses. Percentage homing is given for each set of data. 


Sub-district of recovery 





Queen 
Time Lower Upper Lower Middle Char- Per- 
at Year west west east east lotte centage 
large tagged coast coast coast coast Northern Islands All homing 





years no. % 
1 1952 , ik ae ae ve Set 3.5 100 
sia -aa os : i (3) (100) 


hh Bae. See fe a ce 3.5 51 
oe spi ie (2) (50) 

1952 ’ ao a 32.1 47 
Lig re (20) (50) 


3.6 100 
(2) (100) 

39.2 52 
ioe (24) (54) 
1.3 26.9 64 
(1) (16) (62) 








3.6 0 
a. 


73.2 56 
(44) (59) 


1.4. 3 


; j a. 
qd a4) »)  @ 


The percentage homing as shown by fish at large for two and three years was 
compared to similar data on fish tagged as adults (Table VIII). (Data for fish at 
large one and four years were inadequate for further analysis.) Of the adjusted 
recoveries of herring tagged as juveniles, 52% homed to the same sub-district after 
2 years at large and 64% homed after 3 years at large. Comparable estimates for 
herring tagged as adults were 82 and 81%, respectively. Estimates based on 
unadjusted recoveries showed similar differences. Thus the rate of emigration 
appeared to be about twice as great before maturity as that after maturity. Most 
of the fish that emigrated between the juvenile stage and maturity moved to the 


lower east coast populations whereas most of the emigrating adults joined the 
upper west coast stocks. 


DISCUSSION 


The greater tendency to wander on the part of the immature fish as compared 
to adults at large for a similar time interval may be related to their life history in 
the offshore stage. Juvenile herring move offshore at the end of their first summer 
and are not found again in quantity in inshore waters until they return as mature 
fish in the spawning stocks. The major populations have more opportunity for 
mixing on the offshore feeding grounds than during the spawning migration 
(Stevenson, MS, a). As the young herring mature, they join adult schools on their 
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TaBLE VIII. Recoveries (adjusted for plant magnet efficiency and proportion of the catch 
searched by plant magnets) of tags inserted in adult herring in the lower west coast sub-district 
for categories for which comparable data is available for juvenile tag returns. The actual 
numbers of recoveries are given in amemaens eee homing is given for each set of data. 


Sub-district of r recovery — 


’ 5 "Queen 
Time Lower Upper Lower Middle Upper Char- Per- 
at Year west west east east east lotte centage 


large tagged coast coast coast coast coast Central Islands All homing 











years no. no. no. no. no. no. no. no. % 
2 1951 347.6 51.8 12.1 wns 1.0 ee cae 412.5 84 
(311) (10) (10) (1) (332) (94) 

2 1952 25.9 $$ 10.9 ae 2S 47.0 55 
(23) (4) (10) (2) (2) (41) (55) 

z 1953 11.0 “ee ame iat dine al eee 11.0 100 
(10) (10) (100) 

All 384.5 57.3 23.0 ae 1.0 2.5 470.5 82 
(344) (14) (20) (2) (1) (2) (383) (90) 

3 1952 17.3 ead LZ ane wie 1.1 1.3 20.9 81 

— 4)— (1) (1) () (17) (82) 7 


spawning migration. Presumably, once the newly-maturing fish have joined an 
adult school, they stay with it. Since the adult fish in the school have already 
spawned at least once, they may be less amenable to change in their migration route 
than the new recruits. 

Under this proposed mechanism of recruitment to the adult stocks, more of the 
new recruits would be expected to return to their rearing region than to any other 
sub-district, since both young and adults move offshore from the same place and in 
the same direction. However, since adult populations intermingle somewhat on the 
feeding grounds, the maturing young would have ample opportunity to join schools 
from neighbouring sub-districts. The adult schools, although intermixed, would 
have had the experience of at least one spawning migration and may thus be better 
equipped to find their way back to a certain beach. 

This theory of the mechanism of recruitment also accounts for the selective 
immigration on the part of the Barkley Sound juveniles. More of the lower west 
coast juveniles migrated to the lower east coast sub-district than to the upper west 
coast sub-district. In its spawning migration through Juan de Fuca Strait, the 
lower east coast adult population comes within 30 miles of the entrance to Barkley 
Sound and probably passes through, or very closely to, the feeding grounds of the 
lower west coast population off southern Vancouver Island. On the other hand, 
the major spawning grounds of the other adjacent population, that of the upper 
west coast, lie over 75 miles north of the major spawning grounds of the lower west 
coast population (Barkley Sound), and the feeding grounds might be separated by a 
comparable distance. Thus, recruits from the lower west coast spawnings would 
have more opportunity of joining the lower east coast spawning population than 
that of the upper west coast. 
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Mingling with more distant populations appears to be limited and is probably 
comparable to that of the adults. 


In linking population studies on the juvenile and adult herring, it may there- 
fore be necessary to consider a unit of area larger than that occupied by the adult 
population alone. The size of the unit may vary with the region, depending on the 
local potential for intermixing of adult populations at the time of recruitment. 
Population studies of this nature on the lower west coast of Vancouver Island 


probably should incorporate data from the lower east coast, but need not include 
data from the upper west coast. 


REFERENCES 


Hart, J. L., anp A. L. Tester. 1937. The tagging of herring (Clupea pallasii) in British 
Columbia: methods, apparatus, insertions and recoveries during 1936-37. Rep. British 
Columbia Fish. Dept. for 1936, pp. 55-67. 

Hourston, A. S. 1958. Population studies on juvenile herring in Barkley Sound, British 
Columbia. J. Fish. Res. Bd. Canada, 15(5): 904—960. 

McHuau, J. L. 1954. Geographic variation in Pacific herring. Copeia, 1954(2): 139-151. 

STEVENSON, J. C. MS, a. The movement of herring in British Columbia waters as determined 
by tagging, with a description of tagging and tag recovery methods. 52 pp. plus figures 
and tables; summarized in Rapp. et Proc.-Verb., Cons. Explor. Mer, 140(2): 33—34. 

MS, b. Herring mortality at various stages in the life history. 17 pp. plus figures. 

TayLor, F. H. C., A. S. Hourston anp D. N. Outram. 1957. The status of the major 
herring stocks in British Columbia in 1955-56. Rep. British Columbia Dept. Fish. for 
1956, pp. 45-77. 

Tester, A. L. 1937. Populations of herring (Clupea pallasii) in the coastal waters of 
British Columbia. J. Biol. Bd. Canada, 3(2): 108-144. 

1949. Populations of herring along the west coast of Vancouver Island on the basis 
of mean vertebral number, with a critique of the method. J. Fish. Res. Bd. Canada, 8(7): 
403-420. 

Tester, A. L., AND J. C. STEVENSON. 1947. Results of the west coast of Vancouver Island 
herring investigations, 1946-47. Rep. British Columbia Dept. Fish. for 1946, pp. 42-71. 

THompson, W. F. 1917. A contribution to the life history of the Pacific herring: its bearing 


on the condition and future of the fishery. Rep. British Columbia Comm. Fish. for 1916, 
pp. 39-87. 




















Diet, Glycogen Reserves and Resistance to Fatigue in 
Hatchery Rainbow Trout’ * 


By R. B. MILLER,’ A. C. SINCLAIR? AND P. W. HOCHACHKA® 


ABSTRACT 


In a stream occupied by a resident wild trout population, mortality of introduced hatchery 
trout is greater than when similar trout are released in a barren stream. From this it has 
been inferred that in the occupied stream the new-comers cannot find niches and succumb to 
exhaustion in the open current. A conspicuous rise in blood lactic acid in planted hatchery 
trout supports this inference. 

In the present experiment rainbow trout of identical brood stock were raised on two 
diets; one group received a complete dry pelleted ration, the other, ground liver. After 35 
weeks the trout were subjected to varying degrees of exercise, following which blood lactate 
and liver and muscle glycogen were assayed. It was found that the pellet-fed trout had more 
glycogen stores before exercise; that during exercise this group maintained its liver glycogen 
but lost about half the muscle glycogen after 15 minutes of exercise. After 12 hours’ rest 
muscle glycogen had risen to the normal level. In the liver-fed trout liver glycogen was 
depleted to one-half after 15 minutes’ exercise and muscle glycogen fell to one-fifth or lower. 
Twelve hours rest failed to restore either liver or muscle glycogen. Prolonged exercise in a 
current of one mile per hour reduced glycogen to about 4 in the liver-fed fish; some died 
during the test, and none returned to normal metabolic states after 24 hours. It is concluded 
that exhaustion of metabolites such as glycogen plays some part in deaths of planted trout, 
and that the hatchery diet can materially affect the ability of the fish to survive. 


INTRODUCTION 


In the last decade a great deal of work has been done on the survivability of 
hatchery-reared trout in streams. With few exceptions, these studies have revealed 
a markedly high mortality in hatchery trout after planting than in wild trout popu- 
lations. Studies conducted at Gorge Creek, the test stream of the Alberta Biological 
Station, since 1950 have shown (Miller, 1958) that survival of planted liver-fed 
trout is greatly influenced by competition with resident wild trout. If the planted 
trout are the same size or smaller than the resident trout, as many as 60% die in 
the first few weeks after planting; trout from the same brood stock, reared in the 
same ponds, suffer mortalities as low as 10% when planted at the same time in 
sections of the test stream from which the resident wild trout have been removed 
by a fish toxicant. (When hatchery trout larger than the resident trout are used 
in the test, different survivals have been found; these data will be published later). 
Survivals, with and without competition, are the same irrespective of the species 
introduced; thus, at Gorge Creek, similar results have been obtained with cutthroat 
(Salmo clarki) (the native species), rainbow (S. gairdneri), brown (S. trutta), 
and eastern brook trout (Salvelinus fontinalis). 


‘Received for publication December 31, 1958. 

"This work was assisted by a grant from the National Research Council of Canada. 

‘Late of the Department of Zoology, University of Alberta. Dr Miller died February 23, 
1959, while this paper was in press. [Ed.] 

‘Alberta Goverment Trout Hatchery, Calgary, Alberta. 

‘Department of Zoology, University of Alberta, Edmonton, Alberta. 
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Several significant facts led to the present investigation. First, the deaths of 
planted trout occur too soon after planting to be interpreted as starvation in the 
ordinary sense; second, as many as 90% survive without competition, proving that 
it is not inability to adjust to the new physical environment that causes death in 
50% of the fish (60% with competition less 10% without competition). Third, 
wild trout, superimposed on resident wild trout, suffer little mortality, although 
there is initial loss in weight. Fourth, following the leadership of Dr E. C. Black, 
of the University of British Columbia, it was discovered that blood lactic acid 
rises to higher levels in hatchery trout with competition than in those without, after 
release in the stream; further, high lactate levels persist for a longer time in the 
fish with competition. These four points seem to suggest that mortality may be due 
to physical exhaustion (see also Black, 1958); and that, in competition for niches 
in the stream, the hatchery trout superimposed on wild trout are forced to exercise 
violently. 

Lactic acid is the end-product of the anaerobic break down of glycogen to 
yield energy for muscular exertion. It follows, then, that if the reserves of glycogen 
in muscle and liver are inadequate, exhaustion will occur rapidly. It is quite likely 
that these glycogen reserves are a function of the hatchery diet, and a basic 
approach to the whole problem would be to raise trout on different diets and 
measure liver and muscle glycogen and blood lactic acid after varying degrees and 
periods of exercise. Stream tests of identical stock, raised on different diets would 
also be desirable. In this preliminary report, the results of laboratory tests of 
rainbow trout, raised on two widely differing diets, are presented. 


EXPERIMENTAL TROUT 


Rainbow trout eggs were purchased from a dealer in Massachusetts who states 
that successive generations of the original brood stock have been domesticated and 
held in ponds for over 30 years. The eggs were spawned on December 6—7, 1956 
and the fry hatched in the Calgary hatchery during the week ending January 12, 
1957. The fry were kept together in hatchery troughs and fed on ground liver until 
October 15, 1957, at which time they were given a final grading to reduce can- 
nibalism and divided into two lots. Each lot was placed in an identical steel 
tank, 27 feet long, 4 feet 9 inches wide, with an average depth of 21 inches 
(8.2 X 1.4 X 0.53 m). The rate of flow was maintained at 30 Imperial gallons 
(1361) per minute in each tank. 

Lot 1 trout had an average weight of 4.15 grams. They were fed on “Clark’s 
pelleted dry rations”® from day 277 (after hatching) to day 520, when the experi- 
ment ended. During this time the water gradually cooled from 11.7° to 4.4°C 
(53° to 40°F.) 

“According to the manufacturer’s label, Clark’s ration consists of dried skim milk, fish 
meal, fish solubles, cotton seed meal, wheat middlings, dried brewers’ yeast, dried distillers 
solubles, alfalfa meal, biood meal, liver meal, dried beet pulp, Vitamins A, D, B-12, riboflavin, 
niacin, alpha tocopherol, ascorbic acid, carotene, calcium pantothenate, choline chloride, salt, 
iron oxide, manganese sulfate, cobalt carbonate, copper carbonate, sodium thiosulphate, 


sodium carbonate and potassium iodide. Analysis yields: crude protein, 37% +; crude fat, 
5.5% +-, crude fibre, 5.5% —; nitrogen free extract, 27%+. 
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From day 277 to day 520 these fish suffered a mortality of 5.28%, half of 
which occurred in the first month due to slowness in beginning to eat the pellets. 
Similar observations were made by Wolf (1953) and Grassl (1957). Wolf was 
able to overcome the difficulty by feeding pellets dyed red, but in the present inves- 
tigation the use of red pellets did not seem to help. The food conversion factor 
(pounds of food per pound of fish was 1.31. The trout used in the laboratory tests 
(days 489-520) averaged 71.0 grams each. 

Lot II fish at day 277 weighed an average of 5.50 grams each. From day 
277 to day 520 they were fed on a fresh beef liver-salt diet. During this time the 
mortality was 3.77%. The average weight of the fish tested was 48.5 grams, and 
the food conversion factor was 5.64 (calculated from fresh weight of liver). 

These data on growth and conversion factors show a definite superiority of 
the pellet rations; they are in substantial agreement with findings of other workers, 
e.g., Schumacher (1958) obtained a conversion factor of 1.86 for rainbow trout 
fed on pellets for 214 days; Willoughby (1953), found a factor of 2.00 for brown 
trout fed on pellets for 162 days; and Grassl (1957), obtained conversion factors 
of 1.4 for pellets and 5.0 for a meat-yeast mixture fed rainbow trout for 196 days. 


LABORATORY PROCEDURE 


An analytical laboratory was set up in the hatchery in a room opening off the 
main hatchery area. Two troughs with water but no fish were used to exercise the 
trout, one at a time or a small group at a time. Blood lactic acid, liver and muscle 


glycogen were measured in trout of both feed lots under 4 standard conditions as 
follows: 


1. In the unexercised state. A trout was caught with a hand net directly from the holding 
tank. A blood sample was withdrawn by cardiac puncture with a hypodermic needle and 
syringe. Then the trout was killed by decerebration and a sample of liver and expaxial 
muscle was taken. The time required to withdraw a blood sample was 30-60 seconds. 


2. After 5 minutes exercise. A trout was removed from the holding pond, placed in an 
empty trough and chased up and down with a wide paint brush for 5 minutes. Then 
blood and tissue samples were taken as in 1. 


3. Same procedure as 2, except that the trout were exercised for 10 minutes. 


4. Same as 2, except that trout exercised for 15 minutes. 


A few tests were made on trout of both lots placed in a special wooden trough, 
4 feet long and 3.75 inches wide (122 X 9.5 cm), placed in a standard hatchery 
trough. A flow of water of 150 litres per minute was directed through it. This is 
equivalent to a nominal average speed of 35 cm/sec, or close to 1 mile per hour. 
The depth of water in the trough was 3.5 inches at the lower end and 2.5 inches 
at the upper (9 and 6 cm). The lower end was closed with a coarse screen. Five 
trout were placed in the trough at one time and left for varying periods. These 
tests were not entirely satisfactory; many of the trout lay against the downstream 
screen and refused to struggle, and it is possible that some suffocated from water 
pressure on their opercula. 
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Oxygen consumption was measured in trout of both feed lots after varying 
periods of exercise; the trout were placed individually in 2-quart sealers immersed 
in a trough and arranged so that a constant flow of water entered and left each 
sealer. 

Blood lactic acid was determined by the modified Barker-Summerson method 
(Hawk, Oser and Summerson, 1954); glycogen was assayed by the phenol-sulphuric 
acid method (Montgomery, 1957). Dissolved oxygen was measured by an 
unmodified micro-Winkler titration. Statistical procedures used in the analyses of 
the results were those outlined by Hayes and Pelluet (1958). 


RESULTS OF BLOOD LACTIC ACID AND GLYCOGEN ASSAYS 


The data for unexercised trout and for trout exercised for 5, 10 and 15 
minutes are summarized in Table I. Also included are 10 trout exercised for 15 
minutes and sampled after 12 hours of rest. 


TaBLe I. Mean values ow (standard error of the mean) for liver and muscle glycogen 
and blood lactic acid in rainbow trout raised on two diets and subjected to varying periods of 
exercise. The fish in the last row were given 12 hours rest after the exercise, before being 
tested. 


Pellet-fed group (av. wt. 71.0 g) Liver-fed group (av. wt. 48.5 g) 
No. Liver Muscle Blood No. Liver Muscle Blood 
Exercise tested glycogen glycogen Lactate tested glycogen glycogen Lactate 
minutes 2% 2% mg% 2% 2% me% 

0 20 3.91+0.41 0.178+0.079 10.8+1.4 20 2.59+0.28 0.118+0.021 9.3+1.0 
5 11 3.87+0.43 0.064+0.017 21.9+2.3 11 1.53+0.28 0.034+0.006 18.0+3.2 
10 11 4.05+0.35 0.053+0.011 54.3+3.3 11 1.81+0.30 0.015+0.003 31.8+4.0 
15 11 4.78+0.56 0.095+0.024 45.3+5.2 6 1.30+0.29 0.018+0.004 32.6+2.5 
5 4.24+0.87 0.119+0.014 6.7+1.9 5 1.12+0.18 0.029+0.005 7.8+1.5 


15 





The most striking aspect of the data in Table I is the large and consistent 
difference in glycogen levels between the two diet groups. The pellet-fed fish stored 
more glycogen in both liver and flesh; the livers of the pellet-fed group contained 
from half again as much to nearly 4 times as much glycogen; these differences are 
highly significant (t-test at the P — 0.01 level) for the unexercised and all exercised 
groups. The differences in muscle glycogen are not significant for the unexercised 
fish, only significant at the P = 0.05 level for the 5-minute exercised group, but 
highly significant for all other groups. These data establish, therefore, that the 
pellet diet is superior to liver in providing trout with a glycogen reserve. 

Table 1 reveals also that exercise does not reduce liver glycogen in the pellet- 
fed trout; the differences in the table are all less than the 1 in 20 level of signifi- 
cance. On the contrary, in the liver-fed group, liver glycogen is reduced during 
exercise; the values fell from 2.59 g% to 1.53 g% during 5 minutes of exercise; 
Statistically, this is a highly significant decline. After 10 and 15 minutes exercise 
no further significant reduction occurs. 

In the pellet-fed group exercise does reduce the amount of muscle glycogen: 
the reduction after 5 minutes exercise from 0.178 g% to 0.064 g% is significant 
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at the P = 0.05 level. Further exercise does not produce further reduction. As the 
muscle glycogen in both groups is reduced by exercise, the blood lactic acid level 
rises. The lactate level rises throughout the first 10 minutes of exercise; thus in 
both diet groups the increases in blood lactic acid from no exercise to 5 minutes, 
and from 5 to 10, are highly significant. As muscle glycogen is reduced only during 
the first 5 minutes, it follows that production of lactic acid lags behind, possibly 
because of slowness in diffusion from the muscle (where it is produced) to the 
blood (where it is assayed). The amount of lactic acid in the blood of pellet-fed 
and liver-fed trout, unexercised, is the same; after 5 minutes exercise, although 
both have increased, there is no significant difference between them; but after 10 
minutes exercise, the pellet-fed group have produced much more lactic acid than 
the liver-fed group, and the difference is highly significant. This is reasonable 
in view of the fact that the pellet-fed group have a greater reserve of glycogen from 
which to produce lactic acid. 

Twelve hours after a period of 15 minutes of exercise, the pellet-fed trout 
have returned completely to the unexercised state; blood lactate, liver and muscle 
glycogens are not significantly different from the resting state. Liver-fed trout show 
a return to the unexercised blood lactate level, but they fail to recover any of their 
glycogen; i.e., they are in a state of prolonged exhaustion. 


PROLONGED EXERCISE EFFECTS 


Fish tested in the special trough, described above, were left for either 7 or 24 
hours, after which samples of blood, liver and muscle were taken from each. Ten 
fish of each diet group were tested for both time intervals (Table II). These tests 


TaBLeE II. Liver and muscle glycogen and blood lactic acid in pellet-fed and liver-fed trout 
exercised for 7 and 24 hours in a swift current of water. Ten fish of each diet group were 
used in each test (20 fish per test). 


Pellet-Fed Liver-Fed 
5 ; Liver Muscle Blood Liver Muscle Blood 
Exercise glycogen glycogen lactate glycogen glycogen lactate 
hours 2% 2% mg% 2% 2% mg% 


7 3.39£0.53 0.083+0.016 26.0+2.6 1.51+0.41 0.026+0.002 18.2+3.1 
24 2.8140.45 0.088+0.011 16.1+2.45 0.78+0.71 0.021+0.003 17.0+1.7 


were not entirely satisfactory, as some of the fish collapsed against the screen and 
refused to struggle. However, some significant effects were noted. In both diet 
groups a reduction of liver glycogen occurred; this barely reached significance at 
P = 0.05 level in the pellet-fed group, but was highly significant in the lever-fed 
group. In the latter group liver glycogen was reduced to nearly 4 of the unexer- 
cised level. In both diet groups there was no significant reduction of muscle glyco- 
gen beyond that achieved by 15 minutes of exercise by chasing; nor was there a 
rise in blood lactic acid. The tests serve to emphasize the superiority of the 
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pellet-fed trout in resisting fatigue; they appeared none the worse after their 24-hour 
ordeal. The liver-fed trout, however, lost further stores of liver glycogen and 
it is doubtful if they would have recovered from the experiment; indeed, 4 liver-fed 
trout died during the trough tests, and, as the time of death was not known, they 
could not be used for glycogen samples (the tests were repeated with fresh fish). 
Blood lactate of one of the fish that died was 74.5%. 


RESPIRATORY RATES AND OXYGEN CONSUMPTION 


Counts of opercular and/or jaw movements were made on trout in hatchery 
troughs. It was hoped that respiratory rate and oxygen consumption might be 
related and that it would be possible to estimate blood lactate levels in trout after 
their release in a stream by counting opercular or jaw movements with the aid of 


binoculars. Table III shows the mean counts in both diet groups after varying 
periods of exercise. 


TaBLe III. Mean respiratory rate (opercular or jaw movements per minute), and standard 
error of the mean (ou), for pellet-fed and liver-fed trout after the different periods of exercise. 
The number of trout observed at each level is shown in brackets. 


Pellet-fed ss Liver-fed : 


Unexercised 78+4.5 (12) 80+2.3 (18) 
5 minutes exercise o127.8 ¢3) 97+1.8 (10) 
10 minutes exercise 9221.7 (22) 92+1.3 (16) 
15 minutes exercise 90+2.3 (26) 93+2.8 (14) 
7 hours in current 92+2.7 (7) 89+2.8 (10) 
24 hours in current 86+2.3 (10) 89+3.6 (10) 


There are no significant differences in respiratory rate between the two diet 
groups at any level of exercise. In both groups there is a signficant increase in 
respiratory rate after 5 minutes exercise. Further exercise produces no significant 
changes in respiratory rate. A tendency for the rates to fall during prolonged 
exercise may be due to fatigue of the opercular and jaw muscles. 

Oxygen consumption was measured hourly for 37 hours in 44 trout (22 from 
each diet group) after varying periods of exercise (Table 1V). During these 
tests the dissolved oxygen of the water supply was 10.5 ppm and the water 
temperature varied from 35-—39°F (1.7-3.9°C). No significant difference between 
the two diet groups was observed and the data in Table IV are pooled. 


TaBLe IV. Mean oxygen consumption of trout weighing from 47 to 110 g (pellet-fed mean. 
93 g; liver-fed mean, 51 g), and the range of accompanying respiratory rates (opercle or jaw 
movements ). 


No. of fish Range of respiratory rates Average oxygen consumption 


movements/ minute ml/kg/hr 
50-59 73.4 
60-69 60.6 
70-79 132.3 
80-89 151.8 
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No significant difference in oxygen consumption accompanied increasing 
respiratory rates from 50 to 69 opercular (or jaw) movements per minute. There- 
after, with increasing respiratory rate, oxygen consumption increases rapidly. A 
further series of observations on respiratory rates at intervals after a period of 15 
minutes exercise showed that rates over 80 persist for as long as 6 hours after 
the exercise. This is in agreement with Black (1957) who found that high blood 
lactate levels persisted for at least 12 hours in young Kamloops trout that had 
been exercised for 15 minutes. It was concluded that respiratory rates, counted 
in the field, could be used as a crude guide to oxygen consumption and blood lactate 
levels. 


SUMMARY AND CONCLUSIONS 


1. The superiority of a fortified pelleted ration over a raw liver diet for 
rainbow trout is established by this and several other investigations. The advan- 
tages are apparent in a lower food conversion factor and a faster rate of growth. 
In the present study, after 35 weeks on the two rations, the pellet-fed group were 
1.5 times as heavy as the liver-fed group; the average food conversion factors for 
the same period were 1.31 and 5.64 respectively. 

2. If energy reserves may be assessed in terms of stores of liver and muscle 
glycogen, the pellet-fed trout are substantially more richly endowed. 

3. Exercise by chasing for as long as 15 minutes fails to reduce the liver 
glycogen of pellet-fed trout. Similar exercise depletes liver glycogen to half the 
unexercised level in the liver-fed trout and glycogen levels are not restored after 
12 hours of rest. The liver-fed trout appear to be thoroughly exhausted by the 15 
minutes of chasing. 

4. Muscle glycogen is depleted in both groups by exercise. In the pellet-fed 
trout it falls to approximately half the unexercised level after 15 minutes of chasing, 
and is restored after 12 hours of rest; in the liver-fed group muscle glycogen falls 
to 15% of the unexercised level, and fails to recover during 12 hours of rest. 

5. Build-up of lactic acid in the blood is extremely rapid during exercise in 
both diet groups. The pellet-fed group produce substantially more lactate, possibly 
owing to their superior stores of glycogen. The whole process of glycogen reduc- 
tion and lactate accumulation is so rapid that the breakdown of glycogen must be 
entirely, or nearly entirely, anaerobic. The persistence of high oxygen consumption 
and high blood lactate levels for long periods following exercise lends support to 
this conclusion. 

6. Twenty-four hours of exercise in a current reduced liver glycogen in pellet- 
fed fish to about 72% of the initial value, and that liver-fed fish to about 30%. 
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Variations in Annual Average Weights of 
British Columbia Pink Salmon, 1944-1958’ 


By HAROLD GODFREY 


Fisheries Research Board of Canada 
Biological Station, Nanaimo, B.C. 


ABSTRACT 


Average weight data of British Columbia pink salmon, Oncorhynchus gorbuscha, since 
1944 were made available by the Fisheries Association of British Columbia, and were used 
to compare annual changes in size among stocks throughout the Province. Adult pinks of 
the odd-year cycle were almost invariably larger than those of the even-year cycle. In 
British Columbia this cycle has also been consistently the more abundant, and in southeast 
Alaska these fish have been either about equally as numerous as the even-year pinks, or, upon 
occasion, much more numerous. The pink salmon of each of the major fishing areas in the 
Province show similar annual changes in average weight. From an extremely small average 
size in 1946 there was a trend of steady increase, among all stocks and involving both cycles, 
over the next 8 years; this was followed by a decline in 1955 and 1956, then a further 
increase in 1957 and 1958. A comparison between southeastern Alaska pinks and pinks of 
northern British Columbia showed that they had experienced similar year-to-year weight 
changes during the earlier period of 1930-1939. 


INTRODUCTION 


Using fish-per-case figures provided by four canneries, Hoar (1951) described 
annual changes in the sizes of pink salmon (Oncorhynchus gorbuscha) taken in 
British Columbia waters during the period 1927-1943. When fish were smaller, 
more were required to make up 4 48-pound case of canned salmon than when they 
were larger. The four canneries were located near Prince Rupert, in the Central 
Area, near Rivers and Smith Inlets, and near Vancouver. 

With these data Hoar was able to point out, (a) that “the same general trend 
in size occurs on the Fraser, Skeena, Rivers and Smith Inlets, and in the Central 
Areas”; and (b) that “the largest pink salmon seem to have appeared consistently 
in the ‘odd’ years”. 

In 1944, in order to be able to pay salmon fishermen for their catch on a 
poundage basis, the Fisheries Association of British Columbia instituted a system 
of weighing stations along the coast. Seine-caught pink and chum salmon are 
brought to these stations, and are weighed in bulk and then counted. From these 
data weekly average weights are computed, and the Association kindly provides 
the Biological Station at Nanaimo with this information. To compute weighted 
annual averages, recourse was made to the Association’s original weighing slips 
in order to extract figures for total poundages and corresponding numbers of fish. 

The Fisheries Association now records the weekly average weights of pink 
and chum salmon caught in 43 sub-areas (Table 1). These records constitute 
the only comprehensive size information on these species for the period 1944-1950. 
In 1951 and subsequently, similar weight information has also been recorded in the 
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TaBLE I. Fisheries Association Areas and corresponding Department of Fisheries Statistica/ 
Areas in British Columbia. See Godfrey, 1958, fig. 1, for a map of the Statistical Areas. 





Fisheries Association No. of : Dept. of Fisheries 
Areas sub-areas General description Statistical Areas 

Queen Charlotte Is. 7 Queen Charlotte Is. 1 and 2 

Northern Area 11 Alaska boundary south to 3-6, and the northern 
Ivory Island in Milbanke part of 7 (Mathieson 
Sound Channel) 

Central Area 11 Ivory Island to Cape The rest of 7, and 8-10 
Caution 

Southern Area 7 Cape Caution to Cape 11-18, 28 and 29 


Scott, and all Canadian 
waters east of Vancouver 
Is., including the Fraser 
River 

West Coast of 


Vancouver Is. 7 Cape Scott to Sooke 20-27 


“British Columbia Catch Statistics” of the Department of Fisheries’ Vancouver 
office. 

This paper deals only with the pink salmon weights. Lacking any good infor- 
mation on the age composition of the chum salmon (which mature at various 
ages, and whose size increases with age), it has not been possible in their case to 
differentiate between size differences due to age and those due to rate of growth. In 
the case of the pink salmon (all of which, with extremely few known exceptions, 
mature in their second year of life), two distinct stocks are involved—adults that 
enter the fishery in the even-numbered years, and those that do so in the odd- 
numbered years. 

The annual average weights of pink salmon for the five major Fisheries 
Association areas are listed in Table II (data for 1945 are not complete enough 
to compute an accurate annual average). 


TaBLe II. Annual average weights (round, whole) of pink salmon during 1944-1958, in 
the five major Fisheries Association weighing areas. 





Queen West 
Charlotte Vancouver 
Year Islands ' Northern Central Southern Island 
lb lb lb lb lb 
1944 4.50 4.46 4.33 4.58 sail 
1945 shee ~“ seca 5 art ia 
1946 3.02 3.00 3.16 3.12 244 
1947 eet 3.85 3.98 4.42 5.07 
1948 3.77 3.71 3.48 3.64 sal 
1949 - 4.36 4.63 5.25 5.75 
1950 4.47 4.44 4.36 4.35 4.11 
1951 a 4.44 4.48 5.19 5.98 
1952 4.81 4.47 4.19 4.59 4.60 
1953 hi 5.31 5.18 5.45 5.73 
1954 4.85 4.63 4.01 4.72 4.55 
1955 sloth 4.92 4.90 5.79 6.08 
1956 4.02 3.69 3.42 3.89 3.75 
1957 a 4.82 4.56 5.10 5.34 
1958 5.34 4.85 4.35 4.29 4.82 
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Average weights computed from the “British Columbia Catch Statistics” and 
from Fisheries Association data, for the available years of 1951-1957, were 
compared and found to agree closely. 


COMPARISONS BETWEEN ODD- AND EVEN-NUMBERED YEARS 


Ideally, the size differences between odd- and even-year stocks of pink salmon 
should be shown among fish of the same area of origin—that is, from the same 
stream or river system. Only one such example is available at the present time, 
that of Hooknose Creek, given below. In the case of the statistical areas used by 
both the Fisheries Association and the Department of Fisheries, catches in a given 


AVERAGE WEIGHT (POUNDS) 








1951 "52 ‘53 54 ‘55 ‘56 ‘57 
YEAR CAUGHT 


Fic. 1. Annual average weights of pink salmon for 1951-1957, 
using four B.C. Catch Statistics areas. Broken lines, odd-numbered 
years; solid lines, even-numbered years. 


area undoubtedly include varying proportions of fish that originated in, and were 
en route to, other areas. However, from both sources of data it is possible to 
demonstrate the almost consistently greater weight of the odd-year pinks. Fig. 1 
gives examples for several relatively discrete fishing areas using the 1951-1957 
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British Columbia Catch Statistics data; and Fig. 2 makes similar comparisons for 
the five Fisheries Association areas for the full 1944-1958 period. 

The Hooknose Creek example uses data obtained when females of the pink 
runs into that stream were sampled to determine the potential egg depositions. 
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1844 46 48 50 52 54 56 58 
; YEAR CAUGHT 
Fic. 2. Annual average weights of pink salmon during 1944-1958 
in the five major Fisheries Association weighing areas. Broken lines, 
odd-numbered years; solid lines, even-numbered years. 


4 


(Hooknose Creek is situated on King Island, which lies within the Central Area. ) 
Table III lists the number of females sampled and their average lengths for the 
years 1947 to 1957. (It is also of interest to note that during these years even-year 
females averaged 120 or 7.2% fewer eggs than the odd-year females.) 

Although some pinks are caught in odd-numbered years in waters adjacent | 
to the Queen Charlotte Islands, most of these have their origin in mainland 
streams; with few exceptions, the streams of these Islands have runs of pink 
salmon in the even-numbered years only. The situation is similar for the west 
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coast of Vancouver Island, and particularly for Quatsino Sound at its northern 
tip where the bulk of the west coast pinks are produced. 

The Fraser River has extremely few pink salmon in even-numbered years, 
and large runs in the odd-numbered years. The fish approach the river by way of 
Johnstone Strait and the Strait of Georgia, and by way of the Strait of Juan de Fuca. 
In odd-numbered years large numbers of Fraser River pinks are caught in both 


TABLE III. Average lengths (tip of snout to fork of tail) of 
female pink salmon sampled at Hooknose Creek, King Island, 
B.C., during determination of potential egg deposition. 





Number in 





Year sample Mean length 
cm 
1947 47 51.9 
1948 10 51.4 
1949 15 54.3 
1950 21 54.4 
1951 15 53.6 
1952 80 54.2 
1953 10 555 
1954 177 54.2 
1955 9 56.1 
1956 113 50.2 
1957 23 55.8 





of these areas, and also on the southwest coast of Vancouver Island before they 
enter the Strait of Juan de Fuca. It should be noted, therefore, that since Fraser 
River pinks are large fish, even for odd-year pinks, this larger size is reflected in 
the average sizes of pinks taken in odd-numbered years throughout the Southern 
Area (Fig. 2), since catches there include many Fraser River fish. Thus, the odd- 
year pinks of the Southern Area and of the West Coast Vancouver Island Area are 
larger than even-year pinks taken there, not only because they are of odd-year 
origin, but also because many are Fraser River fish (in the case of the West Coast 
Vancouver Island Area, are predominantly so). Indeed, it is even possible that 
some of the disparity between odd- and even-year fish in the Central Area could 
result from the inclusion in odd-numbered years of some of the large Fraser River 
pinks; this disparity is greater than occurs in the Northern Area.” 

In conclusion, the odd-year pinks of British Columbia definitely appear to 
have a larger “basic” or minimum size than the even-year pinks of the same area 
of origin. However, in a particular area some of the observed disparity may result 
not from year of origin, but rather from the inclusion in the odd-year catches of 
larger fish from other areas of origin. 

The differences in size between the odd- and even-year pink salmon does not 
appear to be associated with any greater abundance of pinks in the even-numbered 
years. In general, in British Columbia and southeastern Alaska, in the years 
considered, pink salmon of the odd-year cycle have been the more abundant. 
Figure 3 compares the packs in the odd- and even-year cycles for British Columbia 





*But note ‘that the overall average weight of the even-year pinks in the Central Area 
(3.91 Ib) is less than that of the Northern Area (4.16 lb), and that the odd-year overall 
averages of the two areas are identical(4.62 Ib). 
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and southeastern Alaska. (British Columbia data are from the Annual Reports 
of the Provincial Department of Fisheries; Alaska data are from the Pacific Fisher- 
man Yearbook.) Packs for the two areas combined are also considered, because 
of indications, noted below, that their pink salmon may live and feed in the same 
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Fic. 3. Pink salmon packs of British Columbia and southeast 
Alaska in even-numbered years (solid lines) and odd-numbered 
years (broken lines). 


general ocean area. If competition for available food increased with the numbers 
of fish present in the feeding area, it might be expected that the smaller fish of 
the even-year cycle were more numerous than those of the odd-year cycle. Actually, 
as Fig. 3 shows, since 1943 the even-years packs in British Columbia, and the 
combined British Columbia and southeastern Alaska packs, have been consistently 
smaller than the odd-year packs. In southeastern Alaska by itself even-year packs 
were either very similar to adjacent odd-years or very much smaller (than 1949 
and 1951). Even after allowance is made for more meat-per-fish from the odd-year 
pinks, the number taken in the odd-years has greatly exceeded that taken in the | 
even-years. 
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COMPARISONS BETWEEN AREAS AND THE OVERALL 1944-1958 TREND 


To describe changes in the weight of pink salmon from one year to the 
next it is necessary to adjust for the difference in size between the two cycles. This 
can be done by expressing each annual average weight as a percentage of the mean 
weight of the cycle to which it belongs. These values are plotted in Fig. 4 for 
the five major Fisheries Association areas. Although lack of complete data does 
not permit an accurate figure for 1945, the information that is available does indi- 
cate that the 1945 points would fit somewhere between the 1944 and 1946 levels, 
and that the fish averaged somewhat larger than in 1947. 
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Fic. 4._ Annual changes in average weights of pink salmon of the five 


major Fisheries Association areas, expressing each annual average as a 
percentage of the overall mean of the cycle to which it belongs. 


Figure 4 indicates the general similarity in the trend of average size among 
the five areas. Perhaps the most interesting feature in the figure is the steady 
increase in weight of pinks from 1946 to 1954, a span of eight years. This trend 
overshadows any random fluctuations, and indeed the only marked departure from 
the trend during this period was in 1951, when there was a decided decrease in 
average weight in three of the four areas. The trend suggests that some oceanogra- 
phic feature important to feeding or to some other aspect of the growth of pink 
salmon had steadily improved during 1946-1954, then worsened during 1955 and 
1956. It should also be noted that although an increase in growth from 1956 to 
1957 is indicated in Fig. 2, the 1957 pinks actually had a smaller average weight 
than their parent stocks of 1955 (Fig. 1). Thus, the implied deterioration of 
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growth conditions must have affected two cycles of fish—those of 1956 and those 
of 1957; but, apparently, conditions improved somewhat in 1957 as compared 
with 1956, and they have improved still further in 1958. 

The similarity shown among the five areas suggests that, at least during that 
phase of their ocean residence which is most important in determining their final 
size, the several stocks of British Columbia pink salmon had lived and fed either 
in the same ocean area, or in adjacent areas similarly affected by variations in 
oceanographic conditions. Besides Hoar (1951), Skud (1958) has also reported 
on the similarity between geographically distinct fisheries in annual fluctuations in 
the sizes of pink salmon, in this instance, among fish caught in southeastern 
Alaska. Furthermore, a comparison of Hoar’s figures for pink salmon caught in 
northern waters of this Province, with Skud’s figures for three districts in Alaska for 
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Fic. 5. Fish-per-case #n southeastern Alaska (three districts) and in northern 
British Columbia, 1930-1939. Skud’s (1958) fig. 1 reproduced, to which have been 
added figures from a cannery at Prince Rupert, B.C., from Hoar (1951). 


the years 1930 to 1939, indicates that the British Columbia fish and those of south- 
eastern Alaska also showed similar fluctuations in annual average size. In Fig. 5, 
Skud’s Fig. 1 has been reproduced, and to it have been added Hoar’s fish-per-case 
figures for the cannery at Prince Rupert (of which, unfortunately, data for 1931 
are lacking). 

From a preliminary study of available information, it has not yet been possible _) 
to relate these observed changes in the sizes of the British Columbia pink salmon 
to variations in oceanic conditions. It is expected that this will be possible eventu- 
ally, as more oceanographic data are gathered and analysed. 


yuth- 


g. 5, 
case 
1931 


sible 
lmon 
entu- 


GODFREY: AVERAGE ANNUAL WEIGHTS OF PINK SALMON 337 


The writer is very grateful to Mr J. MacDonald, Secretary of the Fisheries 
Association of British Columbia, for providing the average weight data used 
herein, and for permitting him access to the Association’s original weighing slips. 
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ABSTRACT 


A method described by Holt (1957) to determine the effect of mesh selection in gill 
nets, has been applied to a material of herring collected in Newfoundland waters in 1957-58. 

The method requires simultaneous operation of two or more nets, differing slightly in 
mesh size, but identical in every other respect. 


The selection curve for herring nets was found to be fairly sharply peaked and slightly 
skewed to the right. 


Simultaneous samples of catches taken by three different mesh sizes and adjusted accord- 
ingly for the effect of mesh selection did not, in general, differ significantly in length compo- 
sition over the main range of length distribution. 


INTRODUCTION 


IN AGE AND GROWTH STUDIES the possible bias due to gear selection has to be con- 
sidered and adjusted for. While-a great deal of work has been carried out in the 
field of selection in otter trawls, comparably little effort has been spent on selection 
in other gears, such as gill nets. 

In a recently started project on herring research and exploratory fishing in 
Newfoundland, the material collected for biological statistics has been derived 
from gill nets used as drift nets off shore, or set near the bottom along the shore. 

As shown by Leim, Tibbo and Day (1957), herring gill nets used in Canadian 
Atlantic waters are selective, and we might expect the material collected to be 
biased with regard to length and age composition. 

In order to evaluate the effect of mesh selection comparative fishing experi- 
ments were carried out from October 1957 to March 1958 with nets of three 
different mesh sizes, namely “24”, “24” and “22” inches. 

From 3 to 18 eighteen nets were used in each operation, and the fleet was 
always made up of an equal number of nets of the three mesh sizes. The catches 
from each mesh size were measured to the nearest half centimetre and afterwards 
grouped in 14-centimetre groups. The measurement used was the greatest total 
length, as measured from the tip of the lower jaw, with the mouth closed, to the 
end of the longest lobe of the caudal fin extended straight back in line with the 
body. 


*Received for publication October 14, 1958. 
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The material includes measurements of 545 herring caught in the “23”-inch 
mesh, 1,022 in the “24”’-inch mesh and 1,275 in the “2#?”-inch mesh; a total of 
2,842 measurements. Catches obstructed by sharks or badly torn nets have been 
omitted from the material. 


GENERAL THEORY 


The analysis of the data follows a method described by Holt (1957). This 
method is based on the assumptions that, for two gill-net units, A and B, the 
meshes of which differ slightly in size, the shape of their selection curves is the 
same, and that the mean selection lengths are proportional to the mesh sizes. The 
number of fish of length / caught in a net is given by 


Ni =n.N,.P.V. expff(/)] (1 
where: n_ is the number of operations (or fishing time), 
N, is the number of fish of length / which is liable to capture by the gear, 
is the vulnerability of the species, 


P_ is the fishing power of the fishing unit referred to a length, /,,, the mean 
selection length, which is the length of fish for which that particular 
net is most efficient. 


The natural logarithm of the ratio of the catches at each length taken by the 
two units is given by: 


nN ) . (Ps : Vn) 9) 
loge Ni = fp(/)—f,(/) +log, P,. Ve (2 


Von Brandt (1955) has shown that the efficiency of a gill net might to some 
extent depend on its relative position in the fleet of nets, and is influenced by the 
properties of the neighbouring nets. However we might assume that over a series 
of experiments the vulnerability of the species towards the different nets and the 
fishing power is unlikely to differ much when the nets differ only slightly in mesh 
size and are identical in every other respect. Hence we might as an approximation 
neglect the last term in (2) and write: 


N; . 
| aC ) = fp(/)—f,(/ (3) 
og AN, I ) A ) 


This equation is linear in / if the selection curves are symmetrical normal 
curves, and the log ratios, when plotted against length, will follow a straight line. 

In the present material the log ratios, when plotted against length, follow a 
curvilinear pattern to which a parabola can be fitted. In this case the equation for 
the selection curve is given by the cubic exponential: 


N‘, x exp[|—u(/ —_ ey -_ v(/ ~ lm) *} (4) 


where u and v are constants determining the shape of the curve. 
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From (2) we find that: 


Nj . * e 
tog-( 2) = —u(l — pln) — v(t — pln)” + u(l — alm) +0(1 — alm). 
A 


SB 


at 
— 


This can be written as: 


3N ; \ 92 
1ou.(2N2) = Bula — al? — Lala — slalom + ale) — 20 (6) 
AIN 1 


+ [lm ais alm) {u(pln + Blin . abe + Je) a V (Bln T alm) | 
This equation is of the form: 


y= ax +obx+c 


that is, a parabola, the coefficients of which are estimated from the fitted parabola. 
To proceed further we must apply our second assumption, that the mean 
selection length, /,,, is proportional to the mesh size, 0, and we write: 


oe = AO ° k and Blm = 7 e k 7. 8) 
Hence 
Bln + gbes —_ k(,0 + a) — k . q (9) 
Bln ae) alm _ k(,0 _ aO) = k ov (10) 
and alm ° ales = k* (0 ° a0) = ke ee (11 ) 
where q = p0 + ,6,7 = pO — ,0, ands = 20. 0. 
We may then write (6) as: 
BN} « 2 922 2 2 ‘ 
oe Ni) = 3krul” — (3k'qru — 2krv)l + kr(kq'u — ksu — qv) (12) 
A l 
If we then put: 
dkru = a, (13) 
— (3k*qru — 2krv) = b (14) 
and k’r(kq'u — ksu — qv) = c (15) 
and solve for v in (15) by eliminating k and u, we find that: 
_ _ —89q(6 — dac) + by/9b"q” — 24ac(q’ + 2s) (16) 
ee a 


Once v has been found we can determine k and then u from (13) and (14) as: 


b a 
= < = 17, 18 
, 2rv — aq — 4 Bkr oF 








JOURNAL FISHERIES RESEARCH BOARD OF CANADA, VOL. 16, NO. 3, 1959 





















APPLICATION TO DATA 


Table I gives the number and log ratios of the numbers of fish caught in the 
“24”-inch (A), “24-inch (B) and “2?”-inch (C) meshes; and in Fig. 1 the 
log ratios, 


loge(cNi/4N1), loge(pNi/aNi) and loge(cNi/pN%) 
are plotted against length and the fitted parabolae are drawn. 


TaBLe I. Numbers of herring caught in the “2%4”-inch mesh (A), the “2%2”-inch mesh (B) 
and the “234”-inch mesh (C). 





Length A B Cc log.(B/A) loge(C/A) loge(C/B) 
cm 
23.5 1 er ae a 
25.0 12 2 owe —1.7918 ee — 
26.5 51 15 1 —1.2237 —3.9318 —2.7081 
28.0 47 29 2 —0.4829 —3.1511 —2.6742 
29.5 68 91 21 0.2914 —1.1750 —1.4664 
31.0 85 126 75 0.3936 —0.1252 —0.5188 
32.5 153 239 245 0.4460 0.4708 0.0248 
34.0 86 239 292 1.0221 1.2224 0.2003 
35.5 29 167 305 1.7507 2.3530 0.6023 
37.0 11 93 230 2.1347 3.0402 0.9055 
38.5 2 20 82 2.3026 3.7136 1.4110 
40.0 sh 1 20 bas ene 2.9957 
41.5 2 or 


The equations for the fitted parabolae were estimated as follows: 


IN 5 . 
oe! ay = —().021366 1° + 2.041055 / — 43.178080 
A+ 3 


| 


N’ : 
oze( #84) = —(),001302 7 + 0.375697 1 — 10.073683 
A+Ni 


(8 ) = —0.017733 /? + 1.509000 / — 30.515334 
B+ 1 


The size of the meshes was measured by means of an ordinary triangular 
measuring gauge, which gave a mean value of 59.73 mm for mesh A, 65.12 mm 
for mesh B and 72.53 mm for mesh C. 

Following the procedure outlined in the theoretical part, the three sets of | 
values for the parameters k, u and v were calculated: 


Rea = 4.7922 Upa = — 0.000168 Vpa = 0.057645 


Rea = 1.7675 Uca = —0.001167 VCA 0.056849 


4.7995 Ucn = —0.001662 Von = 0.047446 
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giving the mean values: 


k = 4.7864, u = —0.000999 and v = 0.05398. 
PB These give the mean selection lengths: 


alm = 28.59cm, pl, = 31.17cm and i, = 34.72cm: 


and the ordinates of the selection curves are given by: 


Ni « exp[0.000999(/ — L,,)* — 0.05398 (/ — In)” 
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Fic. 1. The log ratios plotted against length and the fitted parabolae; 
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The relative selection curves for mesh A, B and C are shown in Fig. 2. The 
curves are fairly sharply peaked and slightly skewed to the right. Hence, the 
selection takes place over a relatively short range, as the nets are 50% efficient, or 
more, as referred to the maximum efficiency at /,,, over a range of about 7 centi- 
metres only. 
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Fic. 2. The relative selection curves for meshes A (59.73 mm), 
B (65.12 mm) and C (72.53 mm). 


ADJUSTING FOR THE EFFECT OF MESH SELECTION 


If the selection curves established in this way are valid, we may apply them 
to adjust our material for the effect of mesh selection and thus arrive at a truer 
length composition of the stocks fished. Further, we may, by comparing the 
adjusted frequencies of our catches in the three meshes, test the validity of the 
method. 

From (1) we have: 


Ni =n.N,.P.V. explf(l)] 
We denote: 


exp[f(/)] = y, (19) 
hence: Ni =a2.N,.P.V.y, (20) 
and: N,=Ni/n.P.V.y, (21) 
Now if: b, = N,/>(N)) (22) 


when p, denotes the true proportion of fish of length / in the stock fished, then: 


>, = Ni/n.P.V 7 Vi as Ni/yi_ (23) 
D(Ni/n.P.V.¥:) X(N ./y:) . 

For two nets, A and B, differing slightly in mesh size, but identical in every 
other respect, and operated so that: n4 = ng, we assume: P, ~ Px, and V4, ~ Vs. 
Further, we assume that during one and the same operation, the same number of 
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fish does not necessarily approach each net, but the length composition of the fish 


liable to be caught by each net will not differ significantly, that is, 4p, ~ spi. 
Hence: 


aN, _ BN, 9 
i.” i _ 
The arithmetic mean of these would provide an estimate of p,, but since 
the sampling error increases greatly with the distance from the mean selection 
length, a more reliable estimate is given by the weighted mean: 


aPi adi + BP py: 
7 ee as 
ap 


(25) 

_- (sbscad + obeys) 
aAYit By: 

Analogous to (23) we have: 


N’/ y 
= AN adi 26 
as DX (AN 1/42) (26) 
and hence: 
AN} oN} 


D(ANi/ay2) | Do (BNi/ ays) 


Se eas ne i 
in 


—aNi , oNi 
ze DAN o/ ay) LGN 1/syd) 
aYit BY1 


An illustration of the method of adjusting when three mesh sizes are used is 
given by Table II. 


COMPARISONS OF ADJUSTED FREQUENCIES 


One way of testing the validity of the selection curves would be to compare 
the adjusted length frequency distributions individually or with their weighted mean. 
If the selection curves were valid we would not expect the adjusted frequency 
distributions to differ significantly, provided the various mesh sizes had fished the 
same schools of fish and the catches were large enough to give adequate samples. 

Unfortunately we have very little material available for such comparisons 
which have not already been used for the calculation of the selection curve. The 
material consists of samples from catches taken by mesh B and C on October 16, 
1957 in Bay of Islands; by mesh A and B on October 19, 1957 at Bluff Head, 
Port au Port Bay; a combined material of 9 catches made on the south and west 
coast of Newfoundland from May to July, 1958. It should be noted that the 
selection curves which are based on samples collected in the fall and winter may 
not be strictly applicable for this latter material collected in spring and summer. 

The differences found in the frequencies over the main selection ranges have 
been tested for significance by means of chi-square with N —1 degrees of freedom, 
Where N is the number of length groups over which the comparison was made. 
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TABLE. III. Chi-square tests of significance of differences between adjusted length frequency 
distributions. 
v. 1 ao ae wot a az 2 ee 5 6 
Distributions compared Length Chi- 
Material (No. in brackets) range dF square P 
cm 
Bay of Islands, Oct., 1957 B(134) with C(84) 30.0-36.5 6 10.889 .092 
Bluff Hd., P.P.B., Oct., 1957 A(78)_ with B(139) 28.0-34.5 6 5.002 .52 
May-July, 1958 A(242) with mean(661) 25.0-33.5 5 Tige |< 
May-July, 1958 B(281) with mean(805) 27.5-34.5 5 8.570 = .13 
May-July, 1958 C(397) with mean(742) 30.5-39.0 5 37.477 <.001 








The size of the samples, the ranges of comparison and the results of the tests are 
given in Table III and a worked example of the procedure followed is given by 
Table IV. 

The unadjusted frequencies were tested in a similar way over the same ranges, 
and the differences were in all cases found to be highly significant with values of 
P less than 0.01. 

It seems thus, as far as can be borne out by the limited material, that the 
method of adjusting for the effect of mesh selection described here has its merits; 
and we might safely conclude that the weighted mean of the adjusted frequency 


distributions is likely to give a truer picture of the length distribution of the stock 
than any of the unadjusted samples. 





TABLE IV. Chi-square test, mesh A against weighted mean, material of May-July, 1958. 























1 2 3 a. -. 7 “ 
’ : ; Square of 
Length Unadjusted ; Weighted Difference difference 
group number Adjusted number mean [4]-[5] [6]? [7]/[4) 
cm no. no. % % %  — i cena 
25.5 18 30.19 8.838 8.867 0.029 0.000841 0.000095 
27.0 86 99.25 29.055 26.661 2.394 5.731236 0.214967 
28.5 56 56.73 16.608 17.933 —1.325 1.755625 0.097899 
30.0 30 34.29 10.038 9.363 0.675 0.455625 0.048662 
31.5 19 30.44 8.911 14.263 —5.352 28.643904 2.008266 
_ 33.0 b 33 90.69 26.549 22.912 3.637 13.227769 0.577329 
Totals 242 ~ 2.947216 
DISCUSSION 


The material used here to estimate the parameters k, u and v of the mesh 
selection curve, is rather limited in volume and is composed of a number of samples 
collected over a period of approximately 6 months. It is further derived from 
different localities and includes fish varying considerably in fatness and stage of 
sexual development. 

One should therefore expect to find a rather flat-topped selection curve, and, 
if the condition of the herring were dependent on size, the factor k would be biased 


so as to have different values depending on which pair of meshes the material, 
from which it is computed, is derived. 
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However, as mentioned previously, the selection curve is rather sharply 
peaked, and the consistency in the three values of k is striking (cf. page 342). 
Their mean, 4.7864, compares well with that of 4.83 calculated by Holt (1957) 
on the basis of gill net selection data for North Sea herring. 

Richardson (1956), in comparing catches taken by drift nets of varying mesh 
sizes with those taken by ring nets in the same areas, found evidences of two or 
three points of maximum selection, i.e. bimodal or trimodal selection curves. 

The present material is too scanty and too heterogeneous to allow studies of 
such detailed nature, but in general it agrees well with that of Richardson. His 
data indicate a selection curve with 50% efficiency or more, as referred to that 
of the modal length, over a range of approximately 7 centimetres, that is, the same 
as estimated from the present material; and further, using the inverse values of his 
selection factors for the 32-rows mesh (24-inch mesh size), a curve with a mode 
of about 28 to 29 cm can be constructed, agreeing very well with the mean selec- 
tion length of 28.59 cm for our “24”-inch mesh. 

The practical significance of the small spread of the selection curve would be 
that one particular mesh size will catch only one “size” of herring. In Newfound- 
land waters, where herring may attain a very great length, up to 40 cm or more, 
and therefore the range in length of commercial fish is considerably larger than the 
selection range, this effect is apparently of significance in the commercial fisheries. 

The herring nets used locally are usually of 23-inch (69.85 mm) and 23- 
inch (73.03 mm) mesh size and are thus 50% efficient or better, as referred to 
the maximum efficiency, over a range of about 10 cm, viz. 31 to 41 cm. The peak 
efficiency ranges from about 34 to 38 cm. It is interesting that this peak range 
corresponds to the general modal length of the large mature Newfoundland herring 
for which the demand is greatest. 
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APPENDIX: A TEST FOR THE PROPORTIONALITY OF MEAN SELECTION 
LENGTH AND MESH SIZE 
If the selection curve is a symmetrical normal curve (i.e. the log ratios, when plotted 


against length, follow a straight line), the curve for mesh A will cross that for mesh B at a 
point half the distance between the mean selection lengths, i.e.: 


lea oe alm = Blin " lea 


where | - denotes the length at which the curves cross each other. 


No. 
“d). 
lian 


tion 
od). 


»tted 
at a 


OLSEN: MESH SELECTION IN HERRING GILL NETS 349 


Similarly if a third mesh, C, is used: 


loa ‘s Alm = clm = loa, etc. 
In general we have: 


lym = (nlm + mlm ) 


Hence, if more than two mesh sizes are used, we have a method of testing the second 


assumption of the theory, namely that the mean selection length is proportional to the mesh 
size. Then: 


ghee = AO . k, Bl = BO ° k and clm = Pa] ° k; 


and in general: 


lym = k/2(x0 + m8) 


Thus, if the assumption is valid, the lengths at which the selection curves cross each other, 


when plotted against the sum of the mesh sizes, will lie on a straight line through the origin, 
the slope of which equals half the value of k. 
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ABSTRACT 


Zooplankton collections from two cruises to the Gulf of Alaska during 1954 and 1956 
were studied to determine the species of Chaetognatha present, to establish their distribution 
within those waters, and to consider the distribution of the species with regard to certain 
general hydrographic features prevalent in the region at the time the collections were made. 
Also considered were a few collections made during the summer of 1958 in the waters sur- 
rounding San Juan Island in the San Juan Archipelago, Washington. 

The general oceanographic features of the Gulf of Alaska are described. The distribu- 
tions and frequency of occurrence of 3 species of 2 genera of chaetognatha are described 
and discussed. Eukrohnia hamata is found at most off-shore stations, diminishing in number 
nearer the coast in less saline waters. Sagitta elegans is apparently cosmopolitan in the areas 
studied. S. lyra an oceanic form, was found in regions influenced by waters of the Subarctic 
Region and the American Coastal Region. The presence of S. lyra in inland waters of the 


San Juan Archipelago during the summer of 1958 is considered to be an indication of the 
shoreward movement of oceanic waters. 


INTRODUCTION 


PUBLISHED REPORTS concerning the zooplankton of the Gulf of Alaska and adja- 
cent waters have not neglected the Chaetognatha; but only one deals particularly 
with the group and it considers only those found in a relatively narrow coastal 
region (Lea, 1955). In other parts of the world certain species of arrow worms 
have been found to be associated with particular water masses and, therefore, 
serve as indicators of the movements of those waters or the differentiation between 
water masses (Meek, 1928; Huntsman, 1919; Hida, 1957). 

Collections from two cruises of the R.V. Brown Bear, the research vessel of 
the Department of Oceanography of the University of Washington, were made 
available to the author. This material was examined to determine the species of 
Chaetognatha present in the waters of the Gulf of Alaska, to establish their distri- 
butions within those waters, and to consider the distributions of the species with 
regard to certain general hydrographic features prevalent in the region at the time 
the collections were made. The latter was undertaken in hope of discovering species 
that might serve as indicators of water mass movements within the area surveyed. 


‘Received for publication December 1, 1958. 
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METHODS AND MATERIALS 


The material used for this study was principally that collected during Cruise 
64, which surveyed the Gulf of Alaska from August 2 to September 8, 1954. 
Collections from Cruise 142 of May 1 to June 9, 1956, were inspected for purposes 
of comparing the distributions in another year during approximately the same 
season. Also considered were a few collections made during the summer of 1958 
in the waters surrounding San Juan Island in the San Juan Archipelago, Washington. 

The samples collected during Cruise 64 were taken with Clarke—Bumpus 
plankton samplers (Clarke and Bumpus, 1940, 1950) and were, therefore, ap- 
proximately quantitative. The tows were made obliquely from approximately 200 
meters depth. The nets used were of No. 6 nylon mesh. One-meter nets of No. 0 
mesh were used for gathering the materials of Cruise 142. These tows were made 
vertically from 150 meters depth. Inshore samples collected during the summer 
of 1958 were made employing 4-meter nets and modified Clarke—Bumpus samplers 
(Paquette and Frolander, 1957), both fitted with nylon nets of No. 6 mesh. 

The samples from Cruise 64 and the summer of 1958 were preserved in 
neutralized, dilute formalin. Material from only 12 stations of Cruise 142 was in 
formalin and unfortunately that from the other stations was in alcohol and was in 
too poor condition to permit positive identification of the specimens. Only the 
data resulting from the inspection of the formalin material were used in the 
preparation of this report. 


TaBLeE I. Plankton collections in Cruise 64, August-September, 1954. 


Volume of 





ob Position Time (local) water Number per m* 
Station _ - strainedin . . — 
No. WN. Lat. W.Long. Date Start End m* S.lyra S.elegans E.hamata 
1 52°02’ 131°12.5’ SAug. 1543 1612 1856 ... 7.54 1.08 
2 52°02’ 131°30:S’ 5 2049 2129 37.21 ox 0.22 0.46 
4 52°00’ 133°04.2' 6 0745 0817 21.12 sian 0.24 4.73 
5 53°02’ 134°30.3' 7 0435 0508 19.14 0.42 1.04 6.53 
6 $1°42.1’ 135°29.2 7 1600 1624 26.93 0.04 0.20 5.09 
7 51°40.8’ 137°11.5’ 8 1106 1136 18.48 0.05 0.22 4.44 
8 53°08.8’ 137°11.1' 8 2214 2240 13.74 a 2.18 46.58 
9 $4°12’ 137°06’ 9 1328 1356 18.96 jae 0.58 4.69 
10 54°14’ 139°34’ 10 0547 0613 18.32 0.11 0.49 2.29 
11 54°08.3’ 141°14.8’ 10 1457 1526 20.59 ceca 0.53 4.61 
12 53° 16.2’ 141°02.3’ 11 0300 0330 15.70 0.13 0.19 $22 
13 §2°04.7’ 140°50’ 1] 1931 2010 25.33 1.22 7.90 9.12 
14 51°58.7’ 143°14.8’ 12 1130 1204 21.16 aes 0.76 2.84 
15 $1°55.S’ 142°20’ 13 0330 0358 22.38 le 0.80 19.84 
16 $3°11.2’ 145°23’ 13 1937 2008 12.80 — 0.55 16.95 
17 54°32’ 145°28’ 14 0857 0926 19.62 sein 0.41 7.44 
18 54°26.8’ 147°16.8’ 15 0108 0138 17.56 “e% 0.46 6.96 





149°23.4’ 15 1237 1307 15.18 ae 3.29 aa? 
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TABLE I: continued 


Volume of 
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1345 





0.14 


Position Time (local) water Number per m3 

—__—__—_ ———__ strainedin ——______ __ 
N. Lat. W.Long. Date Start End m* S.lyra S.elegans E. hamata 
53°16’ 149°28.5’ 16 0158 0227 15.43 3.50 3.95 
52°02’ 149°22.5’ 16 1914 1946 18.91 6.08 1.53 
52°05’ 31°28 17 0616 0645 13.94 1.36 10.55 
52°07’ 133°RIZ 17 2043 2100 11.41 1.14 9.64 
$3°1¢' 52°27) =“ 18 1302 1348 27.15 4.20 0.07 
$4°31.2' 153°09.5’ 19 0152 0218 22.60 3.00 1.59 
55°06.3’ 153°06.3' 19 1125 1154 15.58 6.29 6.80 
55°43.3' 153°14.2' 19 2250 2325 14.25 0.63 9.12 
56° 13.5’ 153°ST 2" .20 1005 1030 11.95 1.42 6.78 
$6°21.1’ 152°18.7’ 20 1911 1941 22.00 0.91 2.86 
56°04.8’ 152°01.2' 21 0023 0045 18.96 1.11 1.85 
porate . 351°R52 21 0741 0810 22.60 2.43 3.01 
56°07.9' 149929’ 21 1940 2012 29.63 0.88 7.49 
56°59.7'  149°29.8' 22 0738 0758 27.57 0.73 1.23 
$7°29.7 149°31.0’ 22 1300 1327 27.91 0.43 0.07 
57°47.9’ 149°28.5’' 22 1726 1738 4.95 0.20 5.25 
58°25.3' 149°29.0’' 23 0015 0022 7.30 3.01 0.68 
$8°S4.1' 149°21.4’ 23 0506 0524 13.48 1.63 1.71 
SHP212 149°30.2’ 23 0934 0945 8.25 0.24 0.12 
59°37.1'  145°18.0' 27 0337 0357 9.28 1.29 
59°28.8’ 145°24.8' 27 0524 0549 10.22 gan 0.88 = 
59°18.4’ 145°35.2' 27 0755 0830 29.89 0.03 0.70 1.84 
59°04.3’ 145°17.1' 27 1326 1358 16.61 0.36 4.09 
58°24’ 142°12.6’ 28 0551 0612 15.71 0.51 3.18 
57°24.6’ 145°11.8’ 28 1649 1719 22.25 0.80 2.84 
56°04.5’ 145°14.5’ 29 0847 0917 19.98 1.40 2.85 
57°24.3’ 143°42.9’ 30 0335 0409 21.66 0.74 aaa 
58°37.0'  142°26.0' 30 2030 2050 20.37 digi 0.29 3.28 
59° 06.8’ 141°52.0’ 31 0259 0325 12.13 0.82 0.82 1.07 
59°10’ 141°38.5’ 31 0726 0749 21.44 0.09 0.84 1.73 
$9°28.5’ 141°15’ 31 1122 1145 11.66 0.09 1.11 1.72 
58°52.8’ 141°10.0’' 31 1740 1808 6.99 bee 1.43 
58°24.2’ 141°11.8’ 31 2333 2401 11.82 0.42 1.78 
57°28.5' 141°14.4’ 1Sept. 1001 1027 11.92 0.17 2.43 
56° 11.0’ 141°12.9’ 1 2153 2212 14.12 0.42 2.55 
56°09’ 138°56.2' 2 1223. 1241 9.22 0.54 3.04 
56°09’ 136°47.2' 3 0049 0113 10.77 0.37 1.76 
56°09’ 135°50.8’ 3 0717 0740 19.58 0.41 1.89 
56°09" 135°38.8' 3 1045 1115 15.71 0.13 2.16 
56°09’ $35°125" 3 1404 14.50 


0.76 
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TABLE IJ. Plankton collections (vertical tows) during Cruise 142, May-June, 1956. 
ee Position Time (local) Number per tow 
Station i ioseee Ss cca: aa : eee ; 

No. N. Lat. W. Long. Date Start End S.lyra  S.elegans E. hamata 
I 51°05’ 129°21' 4May 0340 0343 se 18 30 
5 50°32’ 136°32’ 6 0305 0310 ar 13 64 

10 51°14’ 145°02’ 9 0743 0755 se 98 48 
12 53°56’ 145°01' 10 1012 1029 a 8 30 
14 56°15’ 145°02’ 11 1042 1051 vite 3 78 
16 58°24’ 145°O1’ 12 1212 1220 1 6 31 
18 59°48’ 145°00’ 13 0527 0535 Sas 8 5 
20 58° it" 140°53’ 14 1100 1112 2 aes 
51 57°38’ 148°36’ 24 1428 1430 os en 6 
52 57°58’ 150°00’' 25 0525 0537 a 6 84 
55 53°39’ 151°05’ 30 0113 0116 _ 4 2 

8 June 1127 2 16 8 


70 48°25’ 125°56’ 


The Chaetognatha were isolated from the samples and subsequently identified 
to species. When possible, the number of each species per cubic meter of water 
strained was calculated for each tow. The standardized values for each station 
are presented in Tables I and II. These data were then plotted on plan view 
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Fic. 1. Location of stations, Brown Bear Cruise 64. Symbols indicate 
number of Chaetognatha per cubic meter of water strained. 
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charts to illustrate the distribution and relative abundance of each species. These 
plots, together with those of the horizontal distributions of the hydrographic fea- 
tures, make possible some speculation as to association between the distributions 
of the species and hydrographic features. 

Figures 1 and 2 illustrate the locations of the plankton tows of Cruises 64 
and 142 respectively. The Figures also show the relative abundance of each species 
of Chaetognatha found at the stations. The surface distributions of temperature 
and salinity at the time the collections were made are shown in Figs. 3 to 6. 


Figure 2 


BROWN BEAR CRUISE 142 
| MAY to 9 JUNE 1956 
Station numbers |- 70 
Number of Chaetognatha per sample 
E homato S elegans 
1-10 © 1-10 + 
11-50 @ 11-50 @ 
se >Si 


. o i 50° 








Fic. 2. Location of stations, Brown Bear Cruise 142. Solid symbols indi- 

cate number of Chaetognatha per cubic meter of water strained. Open 

circles indicate stations from which material was unsuited for identification 
to species, not absence of chaetognaths (see text). 


OCEANOGRAPHIC FEATURES OF THE GULF OF ALASKA 


The general oceanography of the northern Pacific has been described by Flem- 
ing (1955). In that work the principal oceanographic features of the area were 
considered and the waters were divided into a series of natural regions (Fig. 7). 
The divisions pertinent to the present study are described briefly below. 


ALASKAN COASTAL REGION: 


The waters of the portion of this region within the area of this present study 
flow in a southwesterly direction; they are warm, dilute and of medium nutrient 
content. The region is shallow having an irregular coastline with many rivers. 
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Fic. 4. Surface isotherms, Cruise 142. 
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Fic. 6. Surface isohalines, Cruise 142. 
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AMERICAN COASTAL REGION: 

Here, there is a northerly flow of water north of about 50°, and a southerly 
flow in the lower latitudes. The salinities are low because of local precipitation 
and runoff. Temperatures are relatively warm in the northern part. Nutrients are 
variable, but usually moderate to high. The coastline is generally irregular. j 
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Fic. 7. Natural regions of the Northeastern Pacific Ocean. Modified from 





Fleming, 1955. 










ALASKAN GYRAL: 

Subarctic waters in this region turn northward and form a counter-clockwise 
gyral. The salinity is moderate, the temperature high. The divergence supplies 
nutrients so that the content is generally high. Precipitation is high. It is a deep 
area. 











SUBARCTIC REGION: 

The surface waters in this region are formed by an admixture of Boreal and 
Central water. The flow is easterly with a divergence as the American coast is 
approached, forming the Alaskan Gyral and the southerly flow in the Transition 
Region to the south. 










DISTRIBUTIONS AND FREQUENCY OF OCCURRENCE 











Two genera, comprising three species were found in the Gulf of Alaska 
material as follows: Eukrohnia hamata (Mobius), Sagitta elegans Verrill, and 
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S. lyra Krohn. Other genera and species have been reported from North Pacific 
waters by Bieri (1957), Tchindonova (1955), Tokioka (1940), Michael (1911) 
and Sund (in press). E. hamata and S. elegans were present in large numbers 
throughout most of the Gulf. S. /yra was encountered infrequently and only in two 
areas. The material of Cruise 64 yielded 4,121 specimens of E. hamata, 3,069 
S. elegans, and 22 S. lyra. There were 392 E. hamata, 1,303 S. elegans and 5 
S. lyra identified from the Cruise 142 material. S. elegans was the prevalent species 
in the San Juan waters, while S. lyra was only occasionally found. E. hamata did 
not occur in these inshore waters. S. decipiens and S. planctonis have been reported 
in the Gulf of Alaska, but specimens of these species were not found in the material 
used in this study. 


The nature of the tows did not allow determination of the vertical distribution 
of the species. Information regarding the vertical distribution of these and other 
north Pacific Chaetognatha found in the Kurile-Kamchatka Trench is given by 
Tchindonova (1955). The following comments concerning the distribution of the 
species are based primarily upon Cruise 64 data. The data of Cruise 142 are, how- 
ever, in general agreement. 

Eukrohnia hamata was present at all except three stations in the north-central 
Gulf. The present data show no obvious reason for its absence there. The abun- 
dance of E. hamata tends to increase with distance from shore. The largest num- 
bers occur in the central waters of the Gulf of Alaska, while the coastal waters 
contain fewer. E. hamata was not encountered in the San Juan Island collections. 

Both salinity and temperature have been suggested (Tchindonova, 1955) as 
factors determining the distribution of E. hamata. The determining factor still 
remains in question, but it is evident from the present data that the frequency of 
occurrence is lower in the less saline waters of moderate temperatures of the 
Americal Coastal Region. This supports the conclusion of Lea (1955), that 
“water of lower salinity prevented its entrance into two inlets. . .”. 

S. elegans was absent from only one station of Cruise 64 and two of Cruise 
142. This species is apparently a cosmopolite of northern waters. No definite 
pattern of abundance was evident other than a region of greater frequency of 
occurrence in the western region of the Gulf, south of Kodiak Island. Station 64-1 
also had high numbers of S. elegans but data from other stations nearby did not 
support the apparent abundance of that particular site. 

In the coastal waters studied by Lea (1955) S. elegans decreased in abun- 
dance from shore-seaward. In fact, she states that the continental shelf is its outer 
limit. This is not supported by the present data, unless seasonal differences can 
account for the differences in distribution. Tchindonova reports that the numerical 
distribution of S. elegans in the Kurile-—Kamchatka Trench is similar in mixed and 
ordinary waters; the numbers increasing with salinity. Our material shows an 
interesting correlation between the area where S. elegans is most abundant and 
waters of highest salinity (32.8%) and moderately warm temperatures (12—13°C). 

S. lyra was present at only 10 out of 60 stations of Cruise 64 and 3 out of 
12 stations where samples were taken on Cruise 142. Specimens of this species 
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were taken on 4 occasions in the San Juan Island waters. The offshore stations 
lie within the regions generally influenced by the waters of the Subarctic Region 
and the American Coastal Region. The hydrographic conditions at the time the 
collections were made were such that the animals were taken in areas characterized 
by fairly warm, moderately saline waters. According to the literature, §. Lyra is 
usually considered a species of the mesoplankton, adapted to warm oceanic waters 
(Fraser, 1937), but sometimes found in cold seas (Michael, 1911). It is said to 
be found usually in depths below 200 meters, but has been found also in the surface 
waters. 


SUMMARY AND CONCLUSIONS 


E. hamata is influenced somewhat by salinity. Lower frequencies of occur- 
rence are found in the American Coastal Region, which characteristically contains 
less saline waters than the more central waters of the Gulf of Alaska. In support 
of this interpretation, is the conclusion of Lea (1955) that salinity limits the dis- 
tribution of E. hamata and the fact that no specimens of this species were found 
in the inland waters in the vicinity of San Juan Island. 

Within the waters of the Gulf of Alaska S. elegans may be influenced by salin- 
ity. An area of the highest salinity values south of Kodiak Island is noted to con- 
tain high numbers of S. elegans. This correlation is of doubtful significance due to 
the apparently cosmopolitan distribution of this species in northern waters; and 
it is consequently of no value as a biological indicator of the waters considered. 
It has some indicator value, however, in marking the boundary between the Sub- 
arctic North Pacific Water Mass and the Equatorial North Pacific Water Mass 
(Bieri, 1957). This boundary usually is found at approximately 40°N. Latitude. 

The distribution of S. lyra may be of significance in tracing the movements 
of the waters of the Subarctic and Central Regions. The few specimens found at 
the northern stations, combined with the more common occurrence of S. lyra in 
more southerly waters may be indicative of the northward movement of these latter 
waters into the Gulf of Alaska. 

Several signs of a general movement to the north of waters of southern origin 
appeared during 1957 and 1958. The waters off Oregon, Washington, British 
Columbia and southeastern Alaska were generally warmer than usual (Callaway 
and Mendiola, 1957, 1958; Park and Mendiola, 1958); and several fish and 
invertebrate forms typical of more southern habitats were reported from these 
areas (Anon., 1957; Pacific Fisherman, 1958, 1959). In the course of the present 
study a small number of specimens of S. lyra were collected in waters surrounding 
San Juan Island, Washington. All of the specimens were collected in waters of 
less than 200 meters depth and one specimen was taken at the surface under a 
night light. The findings of Lea and the data presented above concerning the 
restriction of S. lyra to offshore areas suggest that these specimens were carried 
into the San Juan Archipelago by a shoreward movement of oceanic waters. The 
presence of S. lyra in the San Juan area can be considered as an indication of the 
movement of those waters. 
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ABSTRACT 


A summary is presented of the most important attributes of the medaka (Oryzias latipes), 
from the standpoint of its usefulness as a laboratory animal. Since the medaka is by far the 
most popular fish for laboratory use in Japan, the bibliography presented here gives a fair 
idea of the extent of Japanese work in such areas as fish physiology (sensu stricto), 
embryology, genetics and behavior. 


COMMENTARY 


THE MEDAKA, Oryzias latipes (Temminck and Schlegel), is a small, egg-laying, 
freshwater fish native to Japan, Korea, southern Manchuria, eastern China, and as 
far south as the island of Hainan. This fish is, in many ways, so ideally suited for 
experimental purposes that we believe it should be more widely adopted for labora- 
tory use in countries outside Japan. Investigators who are interested in the repro- 
ductive physiology, genetics, and embryology of the lower vertebrates would 
probably realize the greatest benefit from an animal of this type. However, the 
medaka also furnishes excellent material with which to demonstrate teleostean 
developmental stages and the phenomenon of photoperiodism. 

Some of the most important attributes of the medaka from the standpoint 
of its usefulness as a laboratory animal may be summarized as follows: 


1. Its small size and modest space requirements allow a relatively large num- 
ber to be kept in a medium size aquarium—as many as 10 to 15 in a single tank 
having a capacity of 8 Imperial gallons (35 liters). 


2. Since it is a common aquarium species, it is widely available and its pur- 
chase price is very reasonable. Also, the cost of maintaining a population of a 
given size is much less than with any of the higher vertebrates. 


3. Unlike many other aquarium fishes, the medaka is quite hardy and can 
withstand a wide range of temperature. It seems to thrive best at 68—70°F, and 
thus will do well in unheated tanks at ordinary room temperatures. 
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4. Reproductive activities are photoperiodic so that the time of breeding 
and egg production may be controlled in a light-proof laboratory. Furthermore, a 
healthy female will produce a new cluster of eggs every day for 3 or 4 months— 
sometimes longer. This means an investigator may, if he wishes, have a plentiful 
supply of eggs produced every day at the same time. 

5. There is an externally evident sexual dimophism so that the males and 
females are readily distinguished. The most apparent of these differences are the 
longer dorsal and anal fins in the male and a membranous separation of the last 
two dorsal fin rays, also in the male. 

6. A female will usually produce 20 to 40 relatively large (about 1 mm in 
diameter) eggs at a single spawning. These eggs are held attached to her body 
in a cluster (Fig. 1) by means of small threads. The eggs can be removed manu- 


Fic. 1. The medaka (Oryzias latipes). Above: egg bearing female; below: male. 


ally and will proceed to undergo normal development in a finger bowl or almost 
any other small glass container. 


7. The eggs have a beautifully clear chorion so that the cleavage and later 
developmental stages are easy to observe. These have been well illustrated by 


Rugh (1948, p. 376) and his book is probably the most adequate reference in 
the English language. 


8. Eggs can be placed in aquarium water for development but one of us 
(Briggs) has had better success with distilled water plus the additives recom- 
mended by Rugh (op. cit., p. 379). 

9. Hatching occurs in about 10 days at which time the young are active and 
well advanced in their development. Unlike most aquarium species, the hatchlings 
are easy to raise and will accept a variety of food. 


10. The time from hatching to maturity is usually from 4 to 6 months, 
depending upon such variables as food, temperature, and space. 
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The field of fish physiology in the broad sense (including behavior and 
genetics) has recently received a great impetus due to the publication of the fine 
two-volume compendium Physiology of Fishes edited by Margaret E. Brown 
(Academic Press, New York, 1957). Unfortunately, most of the sections of this 
work include little reference to the modern Japanese publications in the field. 
Although the language barrier is a serious one, it is probably not the primary 
reason why so many of these contributions have been overlooked—a good number 
have been printed in English and of those that are in Japanese a large percentage 
are accompanied by English summaries. The most important cause of such omis- 
sions, in an otherwise very thorough work, is almost certainly the inadequate hold- 
ings of Japanese biological journals in many university and institutional libraries, 
at least in the United States and Canada. In addition, and perhaps even more 
important, these journals are not well covered by such standard bibliographic 
sources as Biological Abstracts and the Zoological Record. 

Despite the fact that the bibliography we present is of but a single species, 
this is the fish which is by far the most popular for laboratory use in Japan. There- 
fore, a perusal of these titles will give the reader a fair idea of the extent of 
Japanese work in such areas as fish physiology (senso stricto), embryology, gene- 
tics, and behavior. 

The 376 publications listed may be roughly classified as follows: 220 on 
physiology, 42 on embryology—both descriptive and experimental, 33 on sys- 
tematics including studies on sex dimorphism and geographical variation, 34 on 
behavior, 24 on genetics, 21 of a general type (mostly about care and feeding), 
and 2 on ecology. 

All titles are given in English or German, many of them having been trans- 
lated from the Japanese by one of us (Egami). Articles which are written in 
Japanese are so indicated in parentheses after the titles. If such an article was 
published as an abstract only, the word “abstract” will also appear parenthetically. 
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A Portable Conductivity Bridge for Field Use' 


By Joe Hoy 


Fisheries Research Board of Canada 
Biological Station, London, Ontario 


CONDUCTIVITY MEASUREMENTS of natural waters have become increasingly im- 
portant within the last few decades. They are used to identify water masses, serve 
as rough indications of the concentrations of ions and yield pertinent information 


about the electrical properties of the water in which electro-fishing operations are 
carried out. 


The instrument described (Fig. 1, 2) permits reasonably accurate (5% 
error) determinations of water conductivity in the field. Its features are: 
1. Portability (weight = 28 oz) 
Low-cost components ($25 at current Canadian prices) 
Durability 
Simple operation 
Low battery drain 


Fic. 1. View of controls. (Photo, R. A. Bams) Fic. 2. Chassis layout. (Photo, R. A. Bams) 
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Fic. 3. Wiring diagram. 


The circuit of this instrument (Fig. 3) is conventional and consists of a 
1000-cycle, sine wave, oscillator applied across a bridge of the Wheatstone type. 
In the operation of a Wheatstone bridge, any imbalance in the arms produces a 
potential which appears across the two principal terminals. In the bridge of the 
instrument, this potential is amplified and operates an ear phone. Whenever a 
null point in the 1000-cycle tone is obtained by the appropriate setting of the 
range multiplier and potentiometer, the resistance may be read directly from the 
potentiometer dial. 

The construction is relatively simple and can be performed with basic elec- 
tronic tools. However, calibration requires an accurate resistance standard such 
as a 1% resistance decade box. This standard might be rented from an electronics 
supplier or service shop. 











Note 


Records of Fishes from Waters off the British Columbia Coast 






















The following records refer to species of fish which have not, or have only 
seldom, been reported from waters off the British Columbia coast. Most of them 
have resulted from high-seas fishing operations designed primarily to obtain data 
on the ocean distribution of Pacific salmon, the gear used being surface gill nets. 
The vessels chartered by Canada for this project were the Challenger, the Fort Ross 
and the Key West IJ. Only captures made by Canadian vessels are noted here. In 
some instances it is known that the same species has been taken by a United States 
research vessel within the same general region. 


Anotopterus pharao (Zugmayer )—-LESSER LANCETFISH 





The earliest intimation of the presence of this species in British Columbia 
waters was when specimens were taken from stomachs of albacore off British 
Columbia during the Fisheries Research Board’s tuna investigation of 1947 (W. 
E. Barraclough, personal communication). In 1948 more were seen, and the head 
of a specimen found in an albacore caught off Cape St. James, at the south end 
of the Queen Charlotte Islands, was sent to the United States National Museum 
by Mr. R. F. Scagel; this specimen was studied and recorded by Hubbs, Mead 
and Wilimovsky (1953). In 1955 the characteristic long-toothed jaws of this 
species were recovered from the -alimentary canal of a steelhead (Salmo gairdneri) 
caught near the mouth of the Skeena River. The following additional records in- 
dicate a wide distribution in the Gulf of Alaska. 


48° N, 












145° W, 7 June 1956; stomach of steelhead, 1 specimen; Challenger 















a 50° N, 130° W, 14 August 1956; stomach of blue shark, 1 specimen; Challenger 
le 52° N, 140° W, 8 September 1956; stomach of pomfret, 1 specimen; Challenger 
a 55° N, 135° W, 14 June 1957; gill nets, 4 specimens; Key West II. Also, 15 August 1958; 
1e gill nets, 1 specimen; Key West II P 
re 55° N, 155° W, 3 July 1957; gill nets, 1 specimen; Key West II 
58° N, 145° W, 10 July 1957; gill nets, 2 specimens; Key West Il 
55° N, 145° W, 11 July 1957, gill nets, 1 specimen; Key West Il 
C- 55° N, 150° W, 7 and 10 June 1958; gill nets, 2 specimens; Fort Ross 
ch 
ICs 


Thunnus saliens (Jordan and Evermann)—PAcIFIC BLUEFIN TUNA 





The Pacific bluefin tuna was unknown in waters as far north as British Colum- 
bia until 1957. In that year a specimen was taken at 49° N, 134° 24’ W, on 
August 25, and another at 48° 50’ N, 131° 06’ W, on August 28, both by the Fort 
Ross. These localities are about 260 and 150 sea miles west of the nearest part of 
Vancouver Island. On August 8, 1958, one was caught by the Key West I] at 51° 
N, 130° W, near the north end of Vancouver Island. 
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Katsuwonus pelamis (Linn. )—SKkiIPJACK 


A skipjack was taken in a gill net by E. Olafsen on September 16, 1958, on 
“Bonilla-Tatoosh line” (entrance of Juan de Fuca Strait). Only one record for 
species in British Columbia waters is given by Clemens and Wilby (1946). 


Tetragonurus cuvieri RissoO—SQUARETAIL 


Not previously recorded off British Columbia, three specimens were taken in 
nets, as follows: 


51° N, 140° W, 22 August 1957; gill nets, 2 specimens; Fort Ross 
49° Ol’ N, 134° 24’ W, 25 August 1957; gill nets, 1 specimen; Fort Ross 
These localities are due west of the British Columbia coast, far from the nearest 


land. Another specimen was found in the stomach of a fur seal killed at 47° 25’ N, 
130° 08’ W, on May 21, 1958. 


Pseudopentaceros richardsoni (Smith)—Boar FIisH 


One specimen was taken at 50° N, 145° W (the Canadian weathership sta- 
tion) on August 26, 1958 by the Fort Ross. This species, known previously from 
the South Atlantic and South Pacific, was first taken in the North Pacific by United 
States research vessels in 1956 (Welander, Johnson and Hajny, 1957) at localities 
a little farther west than the above record. 


Erilepis zonifer (Lockington)—GIANT SKIL-FISH 


Small specimens of the giant skil-fish were taken in surface gill nets at the 
following places and times: 


50° N, 150° W, 20 July 1956; 1 specimen; Challenger 
50° N, 135° W, 26 July 1956; 1 specimen; Challenger 
50° N, 145° W, 24 May 1958; 1 specimen; Fort Ross 


50° N, 155° W, 23-25 June 1958; 8 specimens; Fort Ross. Also 1 August 1958, 1 speci- 
men, Fort Ross 


55° N, 145° W, 18 August 1958; 2 specimens; Fort Ross 
All these localities are far from land. 
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CORRECTIONS FOR RECENT PUBLICATIONS OF THE 
FISHERIES RESEARCH BOARD OF CANADA 


Journal of the Fisheries Research Board of Canada 


VOLUME 11, No. 3—paper by L. Margolis: “List OF THE PARASITES RE- 
CORDED FROM SEA MAMMALS CAUGHT OFF THE WEST COAST OF NORTH AMERICA.” 


Pages 267-282: This paper quotes a number of published records of parasites 
of the grey seal (Halichoerus grypus). F. J. Kruidenier (J. Parasitol., 40: 363) 
has since corrected the identification of the animal concerned; these records should 
all refer to the harbour seal (Phoca vitulina richardi). 


VOLUME 11, No. 3—paper by L. Margolis: “THREE KINDS OF WHALE-LICE 
(CYAMIDAE: AMPHIPODA) FROM THE PACIFIC COAST OF CANADA, INCLUDING A 
NEW SPECIES.” 


Page 320: the sentence beginning in the second-last line should read: “Left 
mandible with 2 incisor processes, the inner provided with 5 and the outer with 4 
teeth; below the incisor process is a row of spines.” 

Page 323: Figure G is the ventral view, and Figure H is the dorsal. 


Page 324: line 7 from the bottom, instead of “maxillary palps” read “maxil- 
liped palps”. 


VOLUME 11, No. 6—paper by W. P. Wickett: “THE OXYGEN SUPPLY TO 
SALMON EGGS IN SPAWNING BEDS.” 


Page 939: in Table I, 5th row of figures, instead of 0.0002, read 0.002. 


VOLUME 12, No. 1—paper by Leo Margolis and Gordon C. Pike: “Some 
HELMINTH PARASITES OF CANADIAN PACIFIC WHALES.” 


Page 105, next to last column of Table II: instead of “Antarctic (whales)” 
read “Antarctic (seals). 
Pages 111-114: where lengths of specimens of Crassicauda are mentioned, 


the unit should always be centimetres, not millimetres. Diameters of specimens and 
measurements of internal organs are correctly shown in millimetres. 


VOLUME 12, No. 1—paper by Leo Margolis: “NOTES ON THE MORPHOLOGY, 
TAXONOMY AND SYNONYMY OF SEVERAL SPECIES OF WHALE-LICE (CYAMIDAE: 
AMPHIPODA).” 


Page 131, line 1 of paragraph 2: the second statement should read “Gnatho- 
pods 1 and 2 unequal”. 


VOLUME 13, No. 4—paper by Leo Margolis: “PARASITIC HELMINTHS AND 
ARTHROPODS FROM PINNIPEDIA OF THE CANADIAN PACIFIC COAST.” 


On page 500, paragraph 2, line 3, a line of text was omitted. The passage 
should read: “In British Columbia (Departure Bay, Vancouver Island) Ekbaum 
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(1938) found Platichthys stellatus and Lepidopsetta bilineata harboured C. stru- 
mosum. Van Cleave (1953) listed P. stellatus, Leptocottus armatus and Gadus 
macrocephalus from Puget Sound, and Ward. .. .” 


VOLUME 15, No. 1—paper by Richard B. Miller: “The réle of competition 
in the mortality of hatchery trout.” 


Page 36, 3rd paragraph, lines 7-11. Delete two sentences beginning “It is 
pertinent”, and replace these with the following sentence: “The effect of using a 
mixture of trout which had been living in the experimental section for several 
months and trout fresh from the hatchery or holding ponds is shown in the results 
of the over-winter survival tests; survival is higher in those sections that contained 
a higher proportion of the stream-acclimated fishes (Nielson et al., Tables 6, 10, 
ah 

Dr. Miller expressed his regrets for his inaccurate citation of information in 
the paper by Nielson et al. 


VOLUME 15, No. 2—paper by D. F. Alderdice, W. P. Wickett and J. R. 
Brett: “SOME EFFECTS OF TEMPORARY EXPOSURE TO LOW DISSOLVED OXYGEN 
LEVELS ON PACIFIC SALMON EGGS.” 


Page 232: Figure 2 should be rotated 90° clockwise. 
Page 242: the ordinate scale for Fig. 7 represents oxygen consumption in 
mm?*/egg/hr. 


VoLUME 15, No. 5—paper by Bruce M. Chatwin: “MORTALITY RATES AND 
ESTIMATES OF THEORETICAL YIELD IN RELATION TO MINIMUM COMMERCIAL SIZE 


OF LINGCOD (Ophiodon elongatus) FROM THE STRAIT OF GEORGIA, BRITISH 
COLUMBIA.” 


Page 846, line 7 of the text: instead of “0.1” read “0.3”. 


VOLUME 15, No. 6—front cover. 


The author and title of the paper beginning on page 1229 are as follows: 
KOHLER, A. C. The validity of otolith age determinations for haddock (Melano- 
grammus aeglefinus L.) from the Lockeport, N.S., area. 


Bulletins of the Fisheries Research Board of Canada 


BULLETIN No. 111, by A. H. Leim et al.: “REPORT OF THE ATLANTIC 
HERRING INVESTIGATION COMMITTEE”. 


Page 195: In the second line of the Introduction the first area should read 
“75,000 sq. mi.” instead of “57,000 sq. mi.”; also, in the fifth line “sk.” should 
read “‘sq.”. 








